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to electric motors or for Belt drives. 


GREAVES COTTON 
& COMPANY LTD. 


RALLI HOUSE 16, HARE STREET 
P. ©. BOX. 702 CALCUTTA 1 






“A trusted name” (i 






BOMBAY MADRAS NEW DELHI KANPUR 
BANGALORE AHMEDABAD COIMBATORE RANCHI 





Time saving 
instruments 


find always an important place in the development, manu- 








SIEMENS 


TELECOMMUNICATION 
ENGINEERING 























facturing and testing of communication networks, because 
the measuring values of level, loss, impedance etc. as a 
function of frequency are reproduced instantaneously on the 
Cathode Ray Tube. Along with other instruments it ts 
possible to localise the faults on transmission lines and to 
take routine measurements without interrupting the opera- 
tion of multi-channel carrier telephone circuits 
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PROGRAMME 
INCLUDES 


Level Tracer 


Sweep frequency 





oscillator and level 
tracing receiver 


Sweep frequency 
measuring equipment 


Echoscope for fault 
location on telephone 





i. Contact fault locator 
4 
: Coupling meter for 
measurements during 
the operation 
4 Interchannel level 
measuring set for the 
carrier frequency 
circuits 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN - MUENCHEN 


SOLE REPRESENTATIVES: 


SIEMENS ENGINEERING & MANUFACTURING CO.OF INDIA LTD. 


BOMBAY + CALCUTTA + NEW DELHI + MADRAS + BANGALORE + VISAKHAPATNAM 
AHMEDABAD + LUCKNOW + NAGPUR + SECUNDERABAD + TRIVANORUM 
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OUR MANUFACTURING 





COOL ENOUGH 


FOR AN 
ELEPHANT... 
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but your industry needs 









FILM COOLING TOWERS 


FORTY years’ experience backs the 
design and erection of ““FILM FLOW’”’ 
Water Cooling Towers...specially 
designed for your industry and location. 


Whether you are interested in the 
atmospheric or natural draught tower, 
the mechanical forced or induced tower... 
the right type of cooling tower for 

your use can be supplied by us. 


We offer you technical advice and will be 
happy to assist you in solving your water 
cooling problems. Please write to us. 


LARSEN & TOUBRO LIMITED 


Bombay P O. Box 278 « Calcutta P.O. Box 619 
Madras P. Bag 5247 ¢ New Delhi P.O. Box 323 
Bangalore P.O. Box 98 « Cochin P.O. Box 55 
Ahmedabad P.O. Box 283 





IN SERVICE LIES SUCCESS 


JWT-LT. 1376 
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Kilburns 


MINING EQUIPMENT AGENCIES 





PIKROSE 


HAULAGES 
(Electric A.C.) 


Manufactured under licence from M/s. Austin ras U.K. 
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DRILLING BITS & REAMER SHELLS 


BY PRECISION TOOLS (INDIA) PRIVATE LTD. 
Under licence from Triefus Industries Ltd. U.K. 
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7 “a KILBURN & CO. PRIVATE LTD. /™ 
{BMI P pha Fett once: DSHERGARH, Dt. urdvan, W. Bangs. 
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DEMINERALISING 
PLANT 


with silica removal 


Capacity : 13.6 m3/h 
(Designed & Manufactured in India) 


Commissioned at Paras Power Station, 
Maharashtra State Electricity Board 


LA Png 4 (BOMBAY) PRIVATE LTD. 
. ‘s ° am 643, Forbes Street, Fort, Bombay. 


Branch at: ‘K’ Block, Chawdhary Bldg., Connaught Circus. New Delhi. 
Associated Offices at: Madras - Calcutta - Bangalore - Hyderabad. 


O1A-98 
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‘Contributing 
fo 
your 


better 


living! 


The set of three generators above—each generating “s * 
133,000 kVA—is the second largest of its type in Ser 
the world. 

it has been installed in Japan’s newest power 
development project, the Okutadami Power Station. 

The mammoth power transformers with a capacity 

of 300,000 kVA are also destined to boost prosperity 

for homes and industries. 

They were both built by Toshiba, where 45,000 skilled 
scientists and technicians are daily translating 85 

years experience into better living through electronics. 

For information about any type of electrical equipment, 

be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


Tokyo, Japan. Cable: TOSHIBA TOKYO 





Powerful companion 
for Nation-building Activity... 


oO / /! o In every nation-building activity, 
T3408 large or small...in agriculture, manufacture, 
mining, fishing, construction... 


KIRLOSKAR DIESEL ENGINE 
plays a vital role, bringing power, 
economic, portable, reliable... 
wherever it is needed. 











KIRLOSKAR OIL ENGINES LTD.,KIRKEE, POONA 3, (INDIA) 
“4 TOM & BAY 
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The taper takes all the loads 





DIGS AT 30 DIFFERENT SPEEDS, ALL 
OF THEM SMOOTH ON TIMKEN BEARINGS 


This Parsons “‘ Trenchliner ” digs a trench almost 6 feet 
deep and over 2 feet wide at a rate up to 25 feet per mi- 
nute. It has 30 digging speeds to suit soil conditions. 
And to keep gears and shafts aligned under all condi- 
tions, the transmission shaft is mounted on Timken 
tapered roller bearings. 


Timken bearings assure minimum maintenance and 
steady machine operation because: 1) Their tapered 
construction lets Timken bearings. take any combination 
of radial and thrust loads. 2) They hold shafts concentric 
with housings, making closures more effective and 
Exclusive Industrial and Railway Distributor : 


keeping lubricant in, dirt out. Let our engineers help you 
on your bearing applications, to assure maximum 
economy. Specify Timken bearings when you build or 
buy machines, and for replacement too. The Timken 
Roller Bearing Company, Canton, Ohio, U.S.A. 
Cable : “‘TIMROSCO”’ 
Industry rolls on 


REGISTERED TRADE MARK 


tapered roller bearings | 





manufactured in Australia, Brazil, Canada, England, 
France and U.S.A. 


William Jacks & Company, Ltd. Bombay e Calcutta @ Madras @ New Delhi. 
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there is a 


DUNLOP 


product 
for every job 


Efficient transmission and s fc 
distribution of motive power... Seer ' 3 
Water delivery in mills, TRANSMISSION BELTING 
mines and industrial plants... 


Irrigation... High pressure Y iat BX \\\\' ad 
Pe) 3 


\ \ 2 a 
spraying... Wherever there is a ime ih) \\ 4 | ii} 
i : fed 5 

NSS 


in the home, in the fields, ; 
or in industry, 

there is a wide range 

of Dunlop products 

for use under a variety of 
operating conditions. 


s 
job to be done, F g 

F-*} \2) 

J 3 





THE DUNLOP RUBBER CO. (INDIA) LTD. rey ere 


BRAIDED HOSE 
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We export complete H.T. outdoor switchgears from 33 to 
380 kV, low-oil and air-blast circuit breakers up to 
15.000 MVA rupturing capacity including protections of, 
transformers and radio-frequency communication system. 







References from various switchgears abroad bear evidence.of 
the high technical standard of the equipment delivered by us. 


TECHNOEXPORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
Praha—Czechoslovakia 













Sole importers for India: 


SKODA (INDIA) PRIVATE LTD. 


Vulcan Insurance Building, Vir Nariman Road, Bombay-1 


Branches : 


National Insurance Building, Agurchand Mansion, 
Parliament Street, P 38, Mission Row, Extension, 35, Mount Road, 
New Delhi Calcutta-13 Madras-2 
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Once an obscure village, set amidst field 
and forest...today, a mighty steel town. In a little 


over two years, Durgapur is making world news ! 
Pig-iron for foundries, forging blooms and billets for 
re-rollers, sections for industry and sleepers for 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. the railways are already being produced at Durgapur. 
More will follow as the construction of this 
giant steelworks nears the fourth and final stage. 


The Wellman Smith Owen Eng. Corp. Ltd. Head Wrightson & Company Ltd. Simon-Carves Ltd. Davy and United Engineering 
Company Limited. The Cementation Company Ltd. Associated Electrical Industries (Rugby) Ltd. The English Electric Co. Ltd. 
The General Electric Co. Limited, Associated Electrical Industries ( Manchester) Ltd. Sir William Arrol & Company Ltd. 
Cleveland Bridge & Engineering Co, Ltd. Dorman Long (Bridge & Engineering) Ltd. Joseph Parks & Son Ltd. Iscon Cable Group. 


BRITISH COMPANIES WORKING FOR INDIA 


Paic 25 
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OL T52:E9 METERING PANELS 


equipped with 


Gyr ‘TRIVECTOR’ Meters 


and “PRINTO-MAXIGRAPH’ 


Voltas metering panels 

are equipped with ‘Trivector’ 
and ‘Printo- Maxigraph’— 
manufactured in Switzerland 
by Landis & Gyr Ltd.—used 
by more and more important 
electrical undertakings in 
India for accurate registration, 
printing and recording. 
Voltas Limited now 
manufacture complete 
metering panels to meet the 
varying demands of 
electrical undertakings. 
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Landis & Gyr Duplex-Trivector Meter records load in An inside view of Landis & Gyr Printo-Maxigraph and 
kWh—kVAh— kVArh in two lines and provides direct summation meter. It provides simultaneous printing of 
reading M. D. indicator for true value of kVA maximum the average load value in numerals and graphical record- 
demand. The ‘Trivector’ is a complete metering unit for ing of a corresponding ordinate on the chart strip; clear, 


active, reactive and apparent energy, 


and can be equip- easily evaluated records; easy low-cost maintenance; 


ped with M.D. indicators on any or all sections —can be clean recording without liquid ink 


used for a wide variety of purposes 
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VOLTAS LIMITED Head Office: Bombay | 


Calcutta - Madras - New Delhi + Bangalore » Cochin * Ahmedabad * Secunderabad + Lucknow - 














a 
MAKEYOUR TRUCK TYRES 
LAST LONGER ! 


The present maximum output of the Tyre Industry in India is not enough to ensure 
sufficient truck and bus tyres for the country’s needs, 

It is not a matter of distribution. Adequate steps have been taken by Tyre Dealers to 
arrange that such supplies as are available are strictly allocated at our recommended retail 
prices to those who need them most. 

New tyre factories are in the course of construction, and existing units have expansion 
programs, but it will be some time before supply catches up with demand, 


in the meantime, what-? 


We believe that this scarcity—which is a source of continuous anxiety to all of us—can be 
eased to some degree by every truck tyre user taking all possible steps to get the 
MAXIMUM SERVICE from the tyres he already has. There are many ways that MILEAGE 
—and, therefore, LIFE of the tyres can be INCREASED. Here is ONE WAY. 


MAINTAIN CORRECT INFLATION PRESSURES 
AND DON’T OVERLOAD YOUR TYRES 


——LOOK AT THIS CHART 


It shows you how overloading and/or under-inflation destroy 
mileage — kill tyres —and make the tyre scarcity even more acute. 











100”. 
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80%. 
OVERLOAD 
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OVERLOAD 
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or 
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ARTIST'S IMPRESSION of the administrative building 


of ACC-VICKERS-BACOCK LTD. in Durgapur 


New Power in Industry 


NERVE-CENTRE of ACC-VICKERS-BABCOCK LTD. 


MARK THIS administrative building of ACC-VICKERS- 
BABCOCK LTD. which is fast nearing completion in 
Durgapur. Very soon busy design engineers, led by 
experienced men from AVB’s overseas collaborators, 
will occupy the largest portion of it...giving initial 
shape to the power that AVB will add to Indian 
industry from its plant nearby. 

This building will be the nerve-centre of AVB. 
Here the finest engineering minds will study, design 
and draw up plans that will ‘tailor-make’ mining and 
cement-making machinery, and vital steam-raising 


in Durgapur 


plant for the many thermal power stations to be 
installed in the country during the Third Five 
Year Plan. 

To ensure that steam-raising and industrial 
boiler plants give optimum performance, it is imper- 
ative that they be ‘tailor-made’ to suit varying local 
conditions and requirements. Here at this nerve- 
centre, all the advanced technical knowledge of AVB 
will be utilised to the fullest extent, to ensure that 
each project is designed for the finest possible 
performance. 


...@ Powerful Partnership for Progress 


ACC-VICKERS-BABCOCK LTD. 


16, Queen’s Road Estate, Bombay 1. 


CALCUTTA OFFICE: Ilaco House, 1 & 3 Brabourne Road, CALCUTTA I 


Works: Durgapur, West BENGAL 
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HITACHIn 





Another 
big 
Hydraulic 
Turbine 
and 


Generator 
by 
Hitachi 


Hitachi has recently completed two 137,500 kw/125,000kVA hydraulic turbines and 
generators for the Miboro Power Station in Central Japan. The turbine is of the 
vertical-shaft Francis type, and specified for a speed of 225rpm, a maximum effective 
head of 200m and 76.6 cu.m/sec water flow, making it one of the largest units of its 
kind in the world. Its runner has a maximum diameter of 3.7m and the main shaft a 
diameter of 95cm. The spiral casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35m and an outer diameter of 11.2 m. 


The generator presents a high-torsoed appearance, having been so designed in considera- 
tion of the comparatively high speed. Since the generator was designed for a rated 
voltage of 16,500 volts and, in this respect, represents the first such attempt in Japan, 
particular care was taken in the corona-shielding and impulse resistance of the stator 
winding. The generator is rated at 60 cycles, 225rpm and 0.9 power factor but is also 
capable of operating at 50 cycles, 187.5rpm and 1.0 power factor. 


*)) _Witachi. Lite. | 


p< 
Cable Address: “HITACHY' TOKYO 

















Sole Distributors 


WILLIAM JACKS & CO. LTD. 


CALCUTTA BOMBAY MADRAS NEW DELHI 
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F. M. Zablan 


General Manager 
National Power Corporation 
Philippines 


Binga Hydroelectric Project 


HE BINGA HYDROELECTRIC PLANT IS A PART OF THE 
BE getrcssiet plan to harness in full the hydroelectric 
power potential of the Agno River. 

As far back as the year 1915, the idea to make full 
use of the country’s water resources for power had 
began to assert itself. The Philippines at the time had 
only one hydropower station with a capacity of less 
than 200 horsepower. Power generation was then pri- 
marily dependent on imported fuels. 

In 1918, the Philippines had only 9,500 KW central 
station capacity in the entire archipelago. In 1930 the 
country had only 53,000 KW capacity, most of which 
were fuel-consuming plants. 

A year after the birth of the Philippine Common- 
wealth in 1935, the late President Manuel L. Quezon 
approved the creation of the National Power Corpora- 
tion. With its establishment, the earnest effort of har- 
nessing the water power potential of the Philippines 
began to take concrete form. 

Among the water resources eyed for harnessing its 
dormant power was a river in Luzon—-the Agno 
River. It was long since noted by power engineers that 
this mighty river carries a vast amount of energy in 
its turbulent waters that could be utilized for produc- 
tive purposes. 

Subsequent investigation and study by the NPC 
of the Agno River paved the way for the laying down 
of plans for the construction of a plant at the Itogon 
site. The proposed project, however, did not mate- 
rialize as NPC decided, for economic reasons, to 
implement first the Caliraya project down in Laguna. 
The Caliraya Project was started in December 1939 
and it served to set the pace for the construction of 
other hydroelectric projects which would follow close 
on the heels of one another. 

In 1947, spurred by the late President Manuel A. 
Roxas, the first President of the Philippine Republic. 
the National Power Corporation, in cooperation with 
the Westinghouse Electric Company, undertook the 
preparation of the Philippine Power Program which 
was submitted in December 1947. Under this pro- 
gram, the full power potential of the Agno River 
would be harnessed through a series of seven hydro 
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plants envisioned to be constructed along its whole 
length from Ambuklao barrio to the San Manuel 
gorge in Pangasinan. These were later reduced to six 
plants along the river length with the elimination of 
the Itogon Plant, without reducing the aggregate tar- 
get power estimate of 420,000 KW. 


With the formulation of the Philippine Power Pro- 
gram, the plan to construct the Binga Hydroelectric 
Project would follow Ambuklao Hydroelectric Pro- 
ject’s completion. 

Ambuklao began the struggle for Agno power. It 
was inaugurated in January, 1957 and for the first 
time the potential power of the surging Agno river 
waters was transformed into useful electrical energy 
in Ambuklao’s 75,000 kilowatt power installation. It 
now remains for the Binga dam to welcome and sub- 
ject the same surging waters to the same basic engi- 
neering principle, to derive once again another bulk 
of electric power—this time greater than the first. 


The necessity for the early construction of the 
Binga Hydroelectric Plant began to be felt shortly 
after the operation of the Ambuklao plant. The 
demand for power in the Philippines was rising rapid- 
ly. Industrialization in the country was accelerating 
and power was its basic prime mover. Forecast made 
by the NPC of the future power requirements in 
Luzon area showed a uniform increase of about 200 
million KWH per year. In the light of such a situation 
and in anticipation of increased power demand, NPC 
deemed it was high time they started on the second 
power project along the Agno River. 


Forthwith, NPC laid down the blue. print of the 
Binga Hydroelectric Project, otherwise known as the 
Agno River No. 2 Hydroelectric Project. 


On April 1, 1957, the construction of the Binga 
dam-—which marked another milestone in the history 
of the tempestuous Agno river—was begun. The pro- 
ject is located 19 kilometers downstream of Ambuk- 
lao in Barrio Binga, Municipality of Itogon in the 
Mountain Province. 

Binga and Ambuklao compared—The Binga Pro- 
ject, when compared to the precedent-setting Ambuk- 
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Marian Village, the camp of National Power Corpora- 
tion field personnel. 


lao project in magnitude and cost, is modest. While 
Ambuklao prides of having the second highest earth 
and rockfill dam in the world with its height of 129.1 
meters, Binga falls short by approximately 22 meters 
with its height set at 107.37 meters. The former has a 
volume of about 7.8 million cubic meters of rock and 
earth material while the latter has only 1.9 million 
cubic meters, or approximately one-fourth of the for- 
mer. The length along the crest of the Ambuklao dam 
is more than double that of Binga’s with its 452 
meters as against the latter’s 215 meters. 

Ambuklao’s 10-km. long reservoir. which is the 
largest man-made lake in the Philippines today, im- 
pounds 258,000,000 cubic meters of usable water in 
50 meters of drawdown while Binga has a usable sto- 
rage in a drawdown of 20 meters of only 48,200,000 
cubic meters in a lake measuring only 7 kilometers 
long. 

In the number of tainter gates in the spillway. 
Ambuklao counts with 8 while Binga has only 6. The 
spillway gate dimensions of 12.5 12.5 meters for 
Ambuklao are almost duplicated in Binga. With re- 
gards to the diversion tunnels, Ambuklao has three 
while Binga has 2. 

However, Binga is more impressive than Ambuklao 
in the following features: 

The total drainage area of Binga reservoir is 936 
sq.kms., which is actually the sum of the drainage 
area for Ambuklao of 686 sq.kms. and the drainage 
between Ambuklao and Binga of 250 sq.kms. The 
Binga Hydroelectric Project is complementary to the 
Ambuklao Hydroelectric Project in the sense that the 
installation of a bigger power capacity in Binga has 
been made possible only through the construction 
of the Ambuklao Hydroelectric Project. The floor 
area in the Binga underground powerhouse is 1,105 
square meters compared to Ambuklao’s mean 840 
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square meters. Binga has 4 turbines with a capacity 
of 40,000 HP at 327.3 RPM each and 4 generators 
with 27,800 KVA at 327.3 RPM each, while Ambu- 
klao has 3 turbines of 39,500 HP each at 360 RPM, 
and 3 generators of 27,800 KVA each at 360 RPM. 

While Ambuklao is equipped with three units Of 
25,000 kilowatts each or a total capacity of 75.000 
kilowatts, Binga has 4 units each of the same unit 
capacity as Ambuklao’s or a total power capacity of 
100,000 kilowatts. 

The tailrace tunnel for both stretches to almost the 
same length, with Ambuklao’s running to 2.2 kilo- 
meters while Binga’s to exactly 2 kilometers. 

Financing Aspects--To implement the plan to cons- 
truct the Binga Hydroelectric project, a dollar loan 
for the foreign exchange requirements of the project 
in the amount of $21 million was successfully nego- 
tiated with the International Bank for Reconstruc- 
tion and Development. The loan agreement was signed 
on November 22, 1957, by NPC General Manager 
F.M. Zablan on behalf of the National Power Cor- 
poration, and by Honorable Miguel Cuaderno, Gov- 
ernor of the Central Bank of the Philippines on behalf 
of the Philippine Government as guarantor. This 
amount was later reduced to $18,500,000 because of 
Savings in the cost of equipment and materials and 
lower bid prices. The balance of P68 million came 
from bond issues of the Central Bank. 


CONSTRUCTION 


Tue huge task of constructing the multi-million peso 
Binga Hydroelectric Project started in August, 1956. 

rhe Philippine Engineers Syndicate, Inc. (PESI) 
was awarded the contract for the construction of the 
entire civil works of the project in March 1957 after 





Structures at the surface, directly above the power- 

house. The tall building at left is the transformer 

repair building; at center, the two 64,500 kva power 
transformers; at right, the control house. 
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NATIONAL POWER CORPORATION 
MAP OF THE PHILIPPINES 


SHOWING 


HYDROELECTRIC POWER DEVELOPMENT 
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The spillway structure left of the dam. The gates and 
hoists are yet in the process of installation when 
picture was taken. 


a competitive bidding was held in which big con- 
tractors from the United States and Japan partici- 
pated, among them (1) Utah Construction, (2) Guy 
F. Atkinson and Co., (3) Morris Knudsen, (4) Brown 
and Root, (5) Vinnel Construction Co., (6) Hazama 
Gumi of Japan, (7) B. Sebastian and Co., and (8) 
Rizal Construction Co. 

Prior to this time, however, preliminary investiga- 
tions and surveys had been undertaken which finally 
laid the groundwork for the implementation of engi- 
neering designs and constructions. Extensive geologic 
studies of the project site, such as the composition of 
the rock foundations where the different structures 
were to be erected, were made. At the same time, 
Studies, tests, and analyses were also made of the 
materials. This phase of the undertaking was con- 
ducted by the materials testing laboratory set up in 
the project which later on was utilized for the testing 
of construction materials as soon as the project’s con- 
struction was underway. 

Other construction requisites called for the con- 
struction of a system of access roads linking the differ- 
ent sites of the project structures, clearing of the camp 
site, provisions of housing, lighting, and water facili- 
ties for the officials and workers, and the survey of 
lands affected by the right-of-way needed for the pro- 
ject. 

During the construction period of the project, the 
highest form of co-ordination work was exhibited, 
especially since the magnitude of the undertaking 
made it natural for technical, financial, and personnel 
problems to arise. In the field of technical provisions 
made to cope with the anticipated problems, the 
National Power Corporation had a model of the spill- 
way structure made, which was actually tested under 
simulated conditions in the hydraulics laboratory of 
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the University of the Philippines. 


It may readily be observed, therefore, that the con- 
struction of the Binga Hydroelectric Project required 
not only the highest degree of technological knowledge 
and skill but also an efficient system of control and 
co-ordination in relation to the various aspects of the 
project. 


The Earth and Rockfill Dam 

The Binga dam is of the Nantahala type, basically 
consisting of an inclined impervious rolled earth core, 
held in position by dumped and rolled rockfill shells. 
To prevent the fine core material from being eroded 
and washed into the interstices of the dumped rock, 
filters were provided between the core and the rock- 
fill. Material for the filters varied in graded sizes from 
fine at the boundaries of the core to coarse at the 
boundaries of the rock. 

The purpose of inclining the impervious rolled earth 
core was to enable the downstream triangular wedge 
of rockfill to be built without waiting for the earth 
core which could only be rolled when dry. 


For building the dam a total of 1,875,527 cubic 
meters of fill were used, broken down as follows: up- 
stream rockfill—457,020 cu.m.; downstream rockfill 
1,092,624 cu.m.; _ filters—-139,153cu.m.: claycore 
186.740 cu.m. 


All of the rolled rockfill material came from the 
spillway excavation. Filling work was completed in 
August 1959. 

The cross-section of the dam shows that dumped 
rockfill, accounting for half of the volume, make up 
the outermost portions of both the upstream and 
downstream sides. Inner compositions of the dam 
include coarser rolled rockfill (minus 12”): finer 


rolled rockfill (minus 12”); filter (minus 3”); imper- 





The underground powerhouse with the four 27,800 
kva generators already in operation. 
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View of the switchyard in Binga. 


vious rolled earth core; and rolled rockfill (minus 
12”). 

One of the most important considerations during 
the building of the dam was the control of moisture 
content of the earthfill in order to obtain the maxi- 
mum compaction, thus making it dense and imper- 
meable. To satisfy this requirement, earth materials 
at the borrow areas were exposed to the sun and 
wind to get rid of excess moisture. The foundation 
was filled with concrete (dental treatment) as soon as 
the rock at the riverbed was thoroughly cleaned and 
after the depression had been drilled and grouted. In 
this manner the use of pneumatic wheeled compac- 
tion rollers was facilitated and the use of hand 
tampers minimized. 

To prevent seepage of the water at the foundation 
and abutments of the dam, extensive consolidated 
and high-pressure grouting was resorted to which 
consumed a total of 3,507 cubic meters of grout. 

In the back-breaking task of building the dam, 
manpower was greatly aided by several earth-moving 
equipment. Among these were the Bucyrus Erie 38-B 
and the Bucyrus Erie 54-B, which were used for 
shoveling the rocks, the Marion Shovel No. 93-M, 
and two Bucyrus Eriz 150-B, which are the biggest 
shovels in the Philippines today and cost more than 
P 4 million each. These 150-B machines are capable 
of shoveling 6 cubic yards of earth and rock in one 
Scoop. 

At the height of the dam construction, a fleet of 
35 Euclid trucks were used in hauling blasted rocks, 
filter materials and earth. Equally contributing its 
Share in the construction activities were the Cater- 
pillar D-8 bulldozers, compactors and a number of 
water pumps and hydraulic giants used in sluicing 
the rockfill. 


The Spillway and Reservoir 


In most hydroelectric projects the spillway struc- 
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ture is usually the most discernible to the aesthetic 
sense of the observer. The Binga spillway is not an 
exception as it is the first feature of the project which 
catches the attention of the visitor entering the pro- 
ject for the first time. 

The Binga spillway is located at the left abutment 
of the dam and rests on solid rock foundation. 

During high flows when the reservoir is full, excess 
water passes through the spillway, rushes frothily 
down the sloping concrete slab, dashes against the 
bucket, and leaps over to the stilling basin just below 
it before it finally goes about its long and meander- 
ing journey to the sea. 

The bucket prevents erosion of the rock and fill 
material at the base of the concrete slab by dissipat- 
ing the tremendous energy of the rushing waters far 
from the bucket. 

The Binga reservoir is capable of storing 48,- 
200,000 cubic meters of water in a drawdown of 20 
meters. It stretches 7 kilometers long and is about 
1 km. wide at its widest portion. During extremely 
high-floods, water level may rise to maximum pool 
elevation 579.50 metefs. During dry periods, the 
pool surface may go down to elevation 555 meters. 
The normal maximum reservoir water level is at ele- 
vation 575 meters, covering an area of 4,257,000 sq. 
meters. 

In building the spillway, a total of 3,558,771.88 
cub‘c meters of rock were excavated, part of which 
were used in constructing the dam. In this job, a new 
time and energy-saving boring equipment, the super 
rock drills, was used, marking its maiden service in 
Philippine excavation activities. The same Marion 
Shovel No. 93-M and Bucyrus Erie 150-B_ shovel 
employed in the filling activities in the dam proved 
once again their usefulness in the spillway excavation 
along with the Euclid trucks and the Caterpillar D-8 
bulldozers which all contributed in speedying up the 
construction. 





"ail 


The inake tower and the bridge connecting the tower 
with the access road. 





The construction of the spillway involved a 
generous amount of explosives. Of these explosives, 
12,328 cases were of the Gelex kind which cost 
P 344,489.10; 7,791 cases were of the Free-flowing 
type of P 16,670.82. Ammonium nitrate, of which 
351 drums were consumed at P 146,872.67. figured 
for the first time in the Philippines in the Binga 
blasting job. 

To satisfy geologic, foundation, and hydraulic 
requirements, a change in the alignment of the struc- 
ture, the lowering of the bucket lip from elevation 
520 meters to elevation 515 meters and the shifting 
of the bucket upstream were effected. These changes 
increased excavation quantities from 2,840,000 to 
3,620,000 cubic meters. It was also decided to change 
the weir from straight to a curved weir. The training 
walls of the chutes were likewise curved to suit. These 
changes were made as a result of model studies. 

The spillway chute where excess water cascades 
has a length of 94.5 meters. Water releases are con- 
trolled by 6 tainter gates, each measuring 12.5 by 12 
meters operated by motor driven hoists, chain lift 
type, These gates are separated from one another by 5 
concrete piers. The six tainter gates and hoists were 
supplied by Eisenbau Whylen Akt. Ges of Germany 
for $508,512.00 while the contract for the handling, 
transporting, installing, and painting of these items 
was awarded to the Philippine Grouting and Guniting. 
Inc. (GROGUN) for P 206,000.00. 

For concreting the entire structure, a_ total 
73,634,667 cubic meters of concrete were consumed. 
For reinforcement, some 2,937,024 kilograms of steel 
were embedded into the spillway structure. 

The spillway also required 309 cubic meters of rip- 
anchor bars; 15,861 cubic 


rap; 13,702 meters ot 
meters of rock backfill and about 1.000 cm.m. of 
grout. 


A wide assortment of machinery and equipment 
were used in these jobs. Among these were the auto- 
matic “Noble” Batching Plant for mixing concrete; the 
double-acting Rex Pumpcrete for transporting, elevat- 
ing, and placing concrete: and the Aggregate Plant, 
pneumatic drill trucks, and four transit mixers 

At the height of the construction in December 1958, 
1.000 men were employed in the spillway and dam. 


Diversion Tunnels 

To enable the construction of the Binga dam, the 
flow of the Agno River had to be diverted to a new 
route. For this purpose, two diversion tunnels had to 
be constructed penetrating through the mountains 
approximately between the left abutment of the dam 
and the right abutment of the spillway. 

The tunnels are designated as Tunnel No. | and 
Tunnel No. 2. Both tunnels have a modified horseshoe 
section with the same inside dameter of 7.6 meters. 
Tunnel No. | has a length of 413.50 meters with a 
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slope of 0.003368. Tunnel No. 2 is longer with a 
length of 466.902 meters and has a slope of 0.004226. 
The walls inside both tunnels are lined with rein- 
forced concrete with a minimum thickness of 0.50 
meter. 

Excavation inside the tunnels was speeded up with 
the use of light drills, steels with tungsten carbide 
bits, Eimco muckers, Koehring dumptors, pumps for 
dewatering and adequate ventilation equipment. 

Consolidation and contact grouting were inten- 
sively undertaken which consumed 1,009 cubic meters 
of grout for Tunnel No. | and 629 cubic meters for 
Tunnel No. 2. At the height of the construction, some 
169 men were thrown into the job. 


Diversion of the river flow through Tunnel No. | 
was effected on November 14, 1957, even as the tunnel 
was not yet fully concrete-lined. This was decided 
upon in order to catch up with the construction sche- 
dule. 


While construction of Tunnel No. | was underway, 
work on Tunnel No. 2 was intensified and completed 
in April, 1958. On April 26, 1958 the river flow was 
diverted into this tunnel from Tunnel No. | after 
which concreting of the latter was resumed. 

Elimination of the low level outlet works in Tunnel 
No. | was decided during that time by the National 
Power Corporation. While it was felt that this item 
was desirable, it was, however, deemed not absolutely 
necessary. The elimination of the structure meant a 
reduction of about P 600,000.00 in the estimated cost 
of the project. Both diversion tunnels were closed on 
November 15, 1959. 


The Underground Power House 

The Binga power station is a concreted cavern 
located 90 meters below the surface of the power- 
Station yard. It has a length of 77.3 meters, a width 
of 14.3 meters, and a height of 24.4 meters with a 
floor area covering 1,105 square meters. 

During the excavation work inside the power cavern. 
fractured rock were encountered. At the upper gallery, 
a combined rock-bolting, wire-netting, and utilization 
oy 12” 12” timber posts to support the roof was 
adopted. These timber posts were removed only after 
the roof gallery was concreted. 

Excavated rock in the power cavern was brought up 
through the equipment shaft, and the cable and ven- 
tilation shaft by means of two electric-driven Knight- 
sen mine hoists with lifting skip automatic tilting 
buckets at the rate of 2 cubic meters of rock per trip. 
The slice-benching method was used in the excava- 
tion of the main body of the power cavern. 

The generator hall of the powerstation is at floor 
elevation 423.0 meters. In this hall are installed the 
four units of 3-phase vertical shaft generators each 
with a rated capacity of 27,800 KVA at a speed of 
327.3 rpm. These generators are capable of reaching 
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a maximum capacity of 31.970 KVA. They were sup- 
plied by the O6crlikon Engineering Company of 
Zurich, Switzerland for $1,213.645.70. 

Six and one half meters below the generator hall is 
the turbine hall which can be reached through a con- 
crete stairway situated on either side of the power- 
station shafts. 

Four vertical shaft, Francis-type hydraulic turbines. 
which are connected to the generators above and each 
rated at 40,000 H.P., make up the dominating features 
of the hall. 

These turbines, together with the 4 governors. 4 
butterfly valves and their respective spares were fur- 
nished and delivered by Costruzioni Meccaniche Riva, 
an Italian firm, for $1,096,268.00. 

A total of 34,788 cubic meters of rock were excav- 
ated from the main powerhouse area. In the excava- 
tion of the access, cable and vent shaft, some 4,329 
cubic meters of rock were blown up while at the 
equipment shaft, some 3.418.41 cubic meters were 
likewise blown up. 

With the creation of the deep cavern. concreting of 
the power house structure followed suit. The turbine 
and generator floors, the vertical shafts, generator 
foundations, governor walls, sump pit walls, and the 
control board were lined with an aggregate amount of 
5,864.79 cubic meters of concrete. For added strength, 
some 498,092.05 kilograms of reinforcing steel were 
incorporated into the structure. 

Because of the evident instability of some portions 
of the rock, timbering, rock-bolting, and consolidation 
grouting were resorted to, and whenever feasible and 
practicable, concreting of the roof arch was undertaken 
before excavation went deeper. 

About 284 men pooled their energies together in 
constructing the powerstation. 
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A panoramic view of the 100,000-kilowatt Binga Hydroelectric Project in northern Luzon, Philippines. Leftmost and at foot of a 
ridge are the structures at the powerhouse area. A little to the right and above is the switchyard. At center foreground, Marian 
Village and above is the other camp for employee housing, Lakeview Terrace. At the right, the reservoir, rockfill dam, and 
reinforced concrete spillway. 


Water Conductors 


The power tunnel, the penstocks, and the tailrace 
tunnel comprise the system of underground water 
passages which deliver the water to the turbines and 
back to the river downstream. 

Water impounded in the reservoir enters the power 
intake, a square-shaped vertical structure that juts 
out into the lake like a sentinel surveying the vast 
reservoir. The intake is provided with two sets of 
bulkhead and service gates hidden beneath the lake 
surface and which form the entrance of water into 
the structure. The bulkhead gates were supplied by 
Eisenbau Wyhlen Akt. Ges of West Germany for 
$20,029.02 and the service gates by Maschinenfabrik 
Eduard Ruch for $60,951.00. Each measuring 6.375 » 
15 meters, the intake openings are lined with trash 
rack panels to prevent alien matter from entering the 
turbines. 

Rising to a height at Elevation 584.00 metres, the 
intake tower is a massive body, fully concreted at 
the bridge and its abutments, the roof arch of the 
power tunnel transition, the retaining walls, and 
blockouts for the bulkhead gate guides in which a 
total volume of 8,548 cubic meters of concrete was 
placed. 

From the power intake, the water flows into the 
power tunnel and negotiates its whole length of 760 
meters until it reaches the surge tank. 

The tunnel has a horseshoe-shaped cross section 
with a diameter of 5.6 meters. It is reinforced with 
concrete with a minimum thickness of 0.50 meter. 

Diamond-drilling for consolidation grout holes at 
the arch and backfill grouting at the adit and plugs 
were performed. Consolidation grout applied to the 
tunnel, including the intake tower, consumed about 
944 cubic meters. 





Joining the power tunnel at Elevation 510 is the 
surge tank, 86 meters high, which acts as a shock 
absorber and as passage for air that accompanies the 
water, It has a 15-meter inside diameter tank section 
for a height of 49 meters and a connecting riser sec- 
tion of 5.8 inside diameter for some 37 meters. 

From the surge tank, the water courses through 
two horizontal penstocks which are provided with 
steel liners encased by concrete. The two penstocks 
later incline downward parallel to cach other and 
branch out into four smaller penstocks. The four 
penstocks are connected to the scroll cases of the tur- 
bines. These items were supplied by the Engineering 
Equipment and Supply Company. 

Water from the pznstocks propels the wheels of the 
turbines which are in turn connected to the gene- 
rators installed on the generator floor six and one 
half meters above the turbine floor. 


After performing its one but all-important function, 
the water comes out of the turbines, passes through 
the four draft tubes, then into the tailrace transition 
and finally out of the tailrace tunnel into the river 
where it will once again be free to pursue its course. 

The surge chamber was the last of the underground 
structures to be finished. A relocation of the access to 
the surge chamber was effected in order to facilitate 
excavation work and concreting operations. The 
structure as finally located is in a fairly good condi- 
tion and no muck problem was encountered during 
the excavation. 

The excavation of the twin-penstock tunnels, in- 
clined at 45 degrees, presented a unique experience. 
First of all, the pilot tunnel of 1.5 meters by 1.5 
meters was excavated at the center of each penstock 
starting from the bottom. After holing through, 
widening to the full area of the tunnel was started 
from the top and the muck excavated were dropped 
down through the pilot tunnel. At the bottom, the 
muck excavated were loaded by Eimcos on dumptors 
after which they were dumped at the skip bucket at 
the cable and ventilation shaft and finally hoisted up. 

The tailrace tunnel which is the terminal of the 
water conduits is a concrete-lined structure with a 
minimum thickness of 0.30 meter and stretches two 
kilometers long. It is horseshoe-shaped with an inside 
diameter measuring 6 meters. 

The excavation of the tailrace tunnel also involved 
tremendous problems. During its construction another 
method of operation was utilized. The drilling 
method followed the same blasting pattern and utiliz- 
ing the same backfill as used in the other tunnels. But 
in the mucking operation, the rock excavated were 
loaded by electric-powered Conway Shovels, and 
thence the muck were loaded on muck cars pulled by 
a battery-powered Goodman locomotive. 

Subsequent operations carried the muck to the skin 
bucket, then to the skip, and the skip is hoisted up to 
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finally dumping the muck to a rock chute towards 
the river. Ventilation problems during the construc- 
tion of the 2-kilometer tailrace tunnel was solved by 
installing two big blowers with subsequent booster 
blowers installed along the length of the tunnel. 


During its construction some 89,603.54 cubic 
meters of concrete were poured into the structure and 
649,361.73 kilograms of steel were used for reinforce- 
ment, _ 

Work was executed by a total of 350 men at the 
height of construction with the help of several earth- 
moving machines, among which were the Jack drills 
and hammers, Conway and Eimco muckers, mine 
cars, Koehring dumptors, water pumps, and the Ame- 
rican hoist which were also used, with the exception 
of the last mentioned, in the excavation activities in 
the diversion tunnels. Consolidation and contact 
grouting, as in the case of the other structures were 
performed, using up some 4,183 cubic meters of 
grout. 


Transmission 

The electrical energy produced by the four gene- 
rators is delivered up to the powerstation yard where 
it is received by two 64,000 KVA power transformers. 

The powerstation yard also accommodates the 
transformer repair house which shelters the 72.6 
metric ton travelling crane for the access shaft. The 
crane was furnished by an Italian firm, Ceretti and 
Tanfani, for $53,550.50. Likewise found in this area 
are the control building and the take-off structures of 
the power transformers. The mountain slopes wall- 
ing the area on the north side were coated with 
gunite as a protection against landslides. 

From the power transformers in the powerstation 
yard, the electric fluid is conveyed to the Binga 230 
KV switchyard located on benches scooped out of 
the ridge to about 100 meters above the powerstation 
yard. The equipment at this switchyard were fur- 
nished by Westinghouse. 

The numerous electrical structures and equipment 
are erected at berm elevations 637, 632. and 620 
meters. Concrete and reinforcing steel were placed in 
the foundation of these structures while the slopes 
were faced with grouted riprap. Excavation of rock 
and overburden was undertaken in the area where 
the cable gallery, measuring half a kilometer long, is 
buried deep under. The control and power cables from 
the two power transformers and powerstation yard 
to the switchboard in the Binga switchyard were fur- 
nished by Hitachi, 

The two 64,000KVA power transformers in the 
Binga switchyard will transmit the electrical energy 
through two 230 KV transmission lines which span a 
distance of 138.5 miles from the Binga dam site to 
Manila. 

While the 


existing 230KV Ambuklao-Manila 
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transmission line can relay the Binga energy to 
Manila, it was decided to construct a second line as 
an added measure of “reliability”. Should the first 
line fail during strong typhoons, electric energy can 
still be conducted through the second line to ensure 
continuity of power supply. 

This Binga-Manila transmission line was finish- 
ed in April, 1960 at a cost of approximately P 8 
million. The contract for the construction was 
awarded to two companies. The first section of the 
line, from Mt. Province to Pangasinan was under- 
taken by the Alma Jose-Pagsanhan Construction 
Company at a cost of P 510,682 while the second and 
third sections, from Pangasinan to Nueva Ecija and 
from Nueva Ecija to Manila were handled by Philip- 
pine Electrical Supply Co., Inc. (PHESCO) for 
P580,049.45 and P 575,874.87, respectively. Aggre- 
gate cost of the entire line stands at P 1,666.606.32. 


Propping up this transmission line are some 584 
galvanized steel towers erected from the Binga 
switchyard to the Balintawak substation. Seventy of 
these towers dominate the skyline from the Binga 
dam-site to the San Manuel gorge in Pangasinan and 
the rest to the Balintwak substation in Quezon City. 

Contract for furnishing and delivering the gal- 
vanized steel towers was awarded to Societa Anonima 
Elettrificazione of Milan, Italy for $722,800. The 
aluminium conductors were supplied by Finska 
Kabelfabriken Aktiebolag of Helsinki, Finland and 
Cupralex Department Produits Electriques of Paris, 








France, at a total cost of $691,000. The minor items 
for the line—the overhead ground wires, insulators, 
armor rods, and other fittings were furnished and 
delivered by other firms at a cost of $310,900. 

From the Binga substation and switchyard, the 
electric energy will be conducted to Manila on 230 
KV lines and at the Mexico substation in Pam- 
panga it will be received by a 50,000 KVA_ power 
transformer. This transformer, together with its 
appurtenances, accessories, and spares, was supplied 
by Aktiebolaget Electromekano of Halsingborg, Swe- 
den for $191,900. 

Power release in this substation will be regulated in 
an air-conditioned control house, which together with 
the transformer repair house, was constructed by 
Alfredo Torrijos of San Andres, Manila for 
P 13,175.50. 

The switchyard equipment, which is made up of 
the oil circuit breakers, grounding rods, lightning 
arrestors, secondary switchboards, and steel struc- 
tures, were supplied by the Oerlikon Engineering 
Company of Zurich, Switzerland. 

The electric fluid will also be relayed all the way 
down to the Balintawak substation where it will be 
stepped down by two 62,500 KVA_ power trans- 
former banks. Meralco then picks up the energy from 
this substation and channels it to its wide network of 
electric distribution lines embracing Manila and its 
environs until electricity reaches the home of its final 


consumer. 


CRANES 


The unique feature of the telescopic jib in 
conjunction with luffing and slewing ensures 
the easy handling of awkwardly placed loads. 
A hook replaces the grab in a few minutes 
MOBILITY—SPEED—ACCURACY. 
Models ranging from 2 tons to 4 tons, includ- 
ing the cross country 4 ton—4 wheel drive 


slew crane. 
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STATISTICAL AND PHYSICAL DATA 


EARTH AND ROCK-FILL DAM 


PIII, << ssiaviveccasssosaciseseteeseciascscksntees .. 107.37 m. 
Height along crest of dam .................... 215 

Base width of max. section.................00s. 400 
I ors Bi cedatcustiegauneisccaee 
Width of Roadway (top of dam) ............ 8 
QUANTITIES OF: 

h. “RRURITOREE TROGIR | <<. veccancccccsccs 457,020 cu.m. 
2. Downstream Rockfill ............... 1 092,624 

i I RA ie al ce 139,143 


4. Clay core seaeieaedlceadtataaces 186,740 


RESERVOIR 
Max. reservoir pool elevation.........El. 579.50 
Normal max. power pool elev. ......El. 575.00 
Min. power pool elev. ..................El. 555.00 
SN QUO ioc sic cpnsddccanceescnvens 936.00 sq.km. 
Usable storage in a drawndown 
of 20 m. (El. 575-El. 555) ......... 48,200,000 cu.m. 


Area at normal pool elevation ......4,257,000 sq.m. 
Length at widest portion (approx. 
parallel to long chord of dam) .. 


Distance of backwater from dam ... 


.2 Kms 
10 river Kms. 


SPILLWAY 


PEE vateasastbackaeoncebesesnsaihon 94.5 m. 

Number of Gate . ..6 (12.5 x 12 m.) 
rype of Gates ....Tainter, motor driven 
hoist, chain-lift type 

ate 
..979.50 m. 


Elevation of top gates......... 
Max. surcharge elev 


UNDERGROUND POWERHOUSE 
Width, Length, and Height .....14.3 m x 77.3 m x 24.4 
oe a eeneenrree Ar 
Floor elevation of genera- 
MEE Smncccicysaicccusnnccsaqccceee aan 
Elev. of centerline of turbines...416.50 


rURBINES 
Type ...... ....Wertical Shaft, Francies Type 
Number .................Four (4) 
Jae 40.000 HP, 327.3 RPM each 
GENERATORS 
Number ....... ss Our (4) 
KVA oo cece ccccecesesesee 27,800 KVA, 0.9 power factor 


327.30 RPM each 


PENSTOCKS 
Plate steel lined, 
Horizontal Section 8’-0” diameter, 
Inclined Section 12’-—0” diameter 


DIVERSION TUNNEL NO. I 


IIE 5 <sncacsnduscce 7.6 m. (Modified Horseshoe) 
BD sc cigsqevcrdvesnstier 413.50 m. 

EE wctapa beta udunhaasiinhhe 0.003368 

Inlet elevation ............ 485.710 m. (invert) 

Outlet elevation ......... 484.318 m. (invert) 

2” Gap Sree eran concrete, 0.50 m. 


min. thickness 


DIVERSION TUNNEL NO. 2 


EONGIONN 5.05 cscs ccvcaves 7.6 m. (Modified Horseshoe) 
RII ckcenacsacevnncovbed 466.906 m. 

ND acicachiasesinsnitowenn 0.004226 

Inlet elevation ............ 485.603 m. (invert) 

Outlet elevation........... 483.63 m. (invert) 

DE inhip ean ts beudoutanses concrete, 0.50 m. 


min. thickness 


POWER TUNNEL 


Dimension 5.6 m. (Horseshoe) 
DIE avr cnasapicscs sac tanccorsesssees 760.00 m. 

MN Fon Siding) s.csndn sonpeds ndecnsteays 0.057138 

Inlet elevation .......................540.00 m. (invert) 
ree voveectOnerete, 0:50 mi. 


min. thickness 


SURGE TANK 
Differential Type : 
NDS oc cvcuna cn euddexaadthvcadades 86 m. 
PINS x hsecasacebariwndcese ats 15 m. (El. 596-547) 
m ere = fe 
Thickness of concrete lining...0.75 m. 


TAILRACE TUNNEL 


ERIE, ee eee 6 m. (Horseshoe) 
er rene 2 Kms. 

IE cos sckiccncicachesetencl 0.00102 

Inlet elevation ...............2 412.55 m. (invert) 
Outlet elevation .............. 410.50 m. (invert) 
BE sicementny wcennndanebnnethenas 0.30 m. min. thickness 
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Neriamangalam Power Station in Kerala 


Complete Electrical Equipment supplied by 


BROWN BOVERI, Switzerland 


Hydraulic Turbines supplied by 


GHARMILLES, Switzerland 


On 12th April 1961, the Vice-President, Dr. S. Switzerland, represented in India by Voltas Limited. 
Radhakrishnan, inaugurated the Neriamangalam The equipment consists of Generators, Transformers, 
Hydro-Electric Project in Kerala State. The project Power and Control Cables, and Indoor and Outdoor 
is designed to feed 45,000 kilowatts of additional Switchgear with Airblast Circuit Breakers including 
power into the fast-expanding Kerala Grid. This Distance Relays to protect Transmission Lines. 
means more power for large and small industries, The Hydraulic Turbines for the project have 
rural electrification and domestic consumption. been supplied by another Swiss firm, Charmilles 

The entire electrical equipment for the projecthas Engineering Works Ltd., Geneva, represented in 
been supplied by Brown Boveri & Co. Ltd., Baden, India by Kaycee Industries Ltd. 








Each of the three Generators 
supplied for the Neriamangalam 
Project is capable of 

delivering continuously 

15,000 kW at 0.85 p. f. with 

a normal speed of 600 r.p.m 
and generation 

voltage of 11 kV 
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Outdoor yard 110 kV with Main Power 
a Transformers, Airblast Circuit Breakers, 


Instrument Transformers and Disconnects 
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| 4 Three 23,000 B. H. P. Charmilles Vertical 


Francis Turbines with speed Governors and 
Sole Distributors for Brown Boveri Valves have been supplied for the Neria- 
Electrical Equipment in India: mangalam Project 


VOLTAS LIMITED 
Bombay * Calcutta * Madras * New Delhi * Bangalore 
Cochin » Secunderabad » Ahmedabad * Lucknow 


Representative for Charmilles 
Water Turbines in India: KAYCEE INDUSTRIES LTD. Bombay >: Calcutta» New Delhi + Madras * Kanpur 
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WE ARE SPECIALISTS IN DESIGNING, 
FABRICATING, GALVANISING AND 
ERECTING HIGH TENSION TRANS- 
MISSION LINE TOWERS AND OTHER 
STEEL STRUCTURES. 


WE ARE EQUIPPED TO UNDERTAKE 
25 KV AC ELECTRIFICATION WORK 


call » x = FOR INDIAN RAILWAYS. 
xu) Reis KAMANI ENGINEERING CORPORATION LIMITED 


oth} 
e—e AGRA ROAD, KURLA NORTH, BOMBAY-70 CABLE: KAMANIBROS TEL: 67984- 


' { 
8 SS mp) 


Shilpi-140 
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Prospect of Power in 


P. R. Sundaram 
Additional Chief Electrical Engineer 
Bihar 


North Bihar in the Third Plan 


. HAS BEEN INCREASINGLY REALISED THAT THI 
| way of diversifying population of the country 
is to have more industries which means more utilisa- 
tion of power. Power is, therefore, a tool for the pros- 
perity of the country, which will offer opportunities 
for the employment of the rural population. 

People outside Bihar are apt to say that since power 
supply from the D.V.C. is available Bihar is properly 
served. But it is now generally appreciated that 
North Bihar is a distinct unit of territory separated 
from South Bihar by the river Ganga and what 
applies to South Bihar does not generally apply to 
North Bihar because of this fact. North Bihar is over- 
populated having about 18.2 million for an area of 
20.000 sq. miles or a density of population of 910. 
The population of North Bihar is twice as large as 
the total population of Assam (9 million) and larger 
than the population of separate States like the Punjab 
(16 million), Rajasthan (15.9 million), Orissa (16 
million) and Kerala (13.5 million). The completion 
of Rajendra Pul at Mokamah opens a new chapter 
no doubt for the prosperity of North Bihar in so far 
as transport and communication is concerned. Still it 
seems arrangements for supply of power have to be 
Separately considered for at least several years. 


Progress of Power Development in Bihar and 
Second Five Year Plan in North Bihar 

There have been large number of licensees operat- 
ing in North Bihar and the State Government, in 
consideration of their inability to cope with the large- 
scale development, took over the licensees’ power 
houses at Samastipur, Motihari, Chapra and Kha- 
garia. The only licensees now operating in North 
Bihar are in Muzaffarpur and Darbhanga. The 
Muzaffarpur licensee has an installed capacity of 
2,000 kW and the Darbhangha licensee 1,200 kW at 
present. 

Early in the First Five Year Plan the Gov- 
ernment of India sponsored sinking of 2,000 tube- 
wells in Pepsu, Punjab, Uttar Pradesh and Bihar. The 
State Government availed the opportunity of sinking 
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300 tubewells, in North Bihar for the energisation 
of which six diesel power stations were installed. 
Advantage was taken of this in a small measure for 
town and village electrification also. Diesel power 
houses were built at Bettiah, Chakia, Sakri. Samasti- 
pur, Mirganj and Hajipur. When the scheme of 300 
tubewells was nearing completion, the Government 
of India again offered further assistance by way of 
U.S. Technical Co-operation Aid Programme and a 
further 150 tubewells were provided in the Pusa-Sa- 
mastipur-Begusarai area. A new diesel power house 
at Begusarai was commissioned. In all by March, 
1956, 810 miles of 11 kV line, 78 miles of L.T. line 
and 423 sub-stations were erected and 3,850 custo- 
mers served with electricity. The total installed capa- 
city of the diesel stations was 5,820 kW. 

At the end of the First Five Year Plan further 
funds were available for increasing of employment 
opportunities under which power houses were pro- 
posed at Bairagnia, Saharsa, Katihar and Kishanganj 
and to supply electricity to the towns at Raxaul, 
Sitamarhi, Madhepura, Purnea and the adjoining vil- 
lages near the State tubewells. 

In the Second Five Year Plan consequent on the 
completion of the Ganga bridge it was proposed to 
erect a Steam Power Station at Barauni for making 
available a relatively large amount of power in North 
Bihar and with this end in view, two units of 15,000 
kW (i.e. 30,000 kW) at a cost of Rs. 309 lakhs was 
sanctioned. It was the intention to distribute this 
power in and around Barauni and extend by 33 kV 
lines, supply to Muzaffarpur, Chapra, Hajipur and 
Bairagnia on one side and Mansi and Khagaria on 
the other. Katihar, Forbesganj and Kishanganj on 
the east and Mirganj and Bettiah on the west could 
not be included in this scheme as the distances were 
large for the 33 kV lines, to satisfactorily supply the 
loads there. When Barauni power house became 
available it was expected that the diesel power 
stations in the area served from Barauni would be 
closed down. Unfortunately, owing to foreign ex- 
change limitations the Barauni scheme could not be 








proceeded with till 1959 when already three years 
had elapsed in the plan period. Orders were, how- 
ever, immediately placed for the power station 
equipment after the clearance of foreign exchange in 
1959. 

A scheme of this nature usually takes at least three 
years to complete and it was realised that the power 
development in North Bihar cannot wait till the 
commissioning of the power station, Therefore, pro- 
posals were put forward to augment the capacity of 
the diesel stations in North Bihar and also to exe- 
cute some of the distribution work so that as much 
as possible of power development in the restricted 
situation could be done. About 11 diesel sets totall- 
ing 2,500 kW capacity have been ordered and they 
are being commissioned as and when the sets are 
received from abroad. All of them may be expected 
to be commissioned by the end of this year. North 
Bihar will then have more than doubled the capacity 
from 5,820 kW to 12,785 kW. 


During the Second Plan the Government of India 
decided to instal an Oil Refinery in Barauni and 
wanted their immediate requirement of power for 
construction and their phase of production. Even 
though the Refinery load was not included in the ori- 
ginal Barauni scheme it was agreed that attempts 
would be made to make available a maximum of 
7,500 kW for use by the Refinery. While putting for- 
ward the proposals for the Second Plan for the needs 
of North Bihar it was expected that by the end of 
1961 the requirement of power in North Bihar would 
be 20,000 kW. 

Construction work at Barauni has started and it 
is expected that the first unit at Barauni will be com- 
missioned by about early in 1962 and the second unit 
some months later. Considering the needs of the Oil 
Refinery a third unit of 15,000 kW was immediately 
proposed and was approved by the Planning Com- 
mission and orders for the third set from the same 
suppliers from Yugoslavia have now been placed. 
It is expected that the third set will follow the second 
set in a continuous manner. When the three sets are 
installed, there will be 45,000 kW installed capacity 
allowing a firm demand of 30,000 kW. 

Sometime ago last year the Railways were per- 
suaded to permit a temporary construction of a 
33/11 kV line over the piers on the Ganga Bridge at 
Mokamah for conveying power to the Barauni area 
from the South Bihar area. About 500 kW of power 
is already being availed of in Barauni area from 
South Bihar. For permanent supply 33 kV cables 
have been ordered as a part of the Barauni scheme 
and it is expected that these will be laid this summer 
and along with the construction of a second 33 kV 
line from Patna to Mokamah it is expected that 
power to the extent of about 3,000kVA would be 
made available in the Barauni area for construction 
needs of the refinery, the power station and the Rail- 


ways and for such industries as may need a small 
amount of construction power. It is expected that as 
soon as the Barauni power station is commissioned 
satisfactorily power will flow from this Station as far 
as Muzaffarpur, Darbhanga, Bairagnia and Chapra 
on one side and Saharsa and Mansi on the other. 
All requirements of medium-sized industries and 
normal development in this area will be amply pro- 
vided for. Particularly the town of Muzaffarpur can 
get some power from Barauni. The power rates will 
then be considerably lower than the diesel rates. 

It will, therefore, be seen that by this summer 
power to the extent of 15,000 kW would be available 
in North Bihar and another 15,000 kW in the 
next year. It is expected that the consumers will 
be nearly four times that of the First Plan. The sur- 
face-wells as a means of development of the rural 
economy has also been appreciated in North Bihar 
and it is expected that 342 surface wells would have 
been connected in North Bihar whereas the figures 
for the whole Bihar in the First Plan was about 400. 
The distribution substations would be increased to 
776 and 2,500 miles of lines will be laid, i.e., more 
than 2} times what was at the end of the First Plan. 
At the end of the Second Plan 400 villages are pro- 
posed to be electrified. 


Third Five Year Plan 

At the outset it may be stated that while consider- 
ing the plan for North Bihar the main objective has 
been to remove the disparity which has so far exist- 
ed between North Bihar and South Bihar in the 
matter of power development. The main plank on 
which the distribution of power can be extensive and 
uniform is the establishment of a grid. It is, there- 
fore, proposed to have a 132 kV grid in North Bihar 
in the Third Plan and the existing Barauni steam 
station will be the base station for the grid, the capa- 
city of which is proposed to be augmented by either 
3 units of 30,000 kW or two units of 50,000 kW. In 
pursuance of the negotiations with the Government 
in Nepal a power Station has been proposed in the 
Third Plan near Bhainsalotan in the Gandak Pro- 
ject with an installation of 15,000 kW (3 units of 
5,000 kW of nydro units) This power station will be 
connected to North Bihar 132 kV grid. 

A power station has been proposed on the Kosi 
barrage and has now been decided to be installed on 
the Kosi Eastern Canal. The size of the units will be 
four of 5,000 kW each. But the output from this sta- 
tion will get reduced if the barriage level is reduced 
during the flood period to a nominal figure of 10,000 
kW. This power station is also proposed to be con- 
nected with the North Bihar grid. The total power 
that will be available in North Bihar at the end of 
the Third Plan is expected to be around 105,000 kW. 
Remembering that by 1962 only 30,000 kW of power 
would be available, the power prospects of North 
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Bihar at the end of the Third Plan is nearly treble. 
North Bihar has not such mineral potentiality and the 
amount of power provided in North Bihar will be 
such that all reasonable needs of power could be 
satisfactorily met and it can be stated to be as on par 
with the opportunities available in South Bihar for 
purpose of power needs. 

There will also be three grid substations at Muzaf- 
farpur, Sagauli and Katihar and the existing 33 
kV lines will be connected to these stations and the 
three power stations in North Bihar so that the 
entire North Bihar will be covered by a net work of 
transmission lines. 

Besides the above, provision has been made to 
electrify 830 villages in North Bihar. The entire 
Third Plan provision in North Bihar may, therefore, 
be stated to be fairly satisfactory. 

Some of the heavy and medium industries and spe- 
cial loads, that have been provided for, in North 
Bihar are: 


1 Oil Refinery at Barauni 12,500 kW 
2 Coach Factory 5,000 
3 Steel Rerolling Mill at 
Barauni 4.000 
4 Sugar Mills 5,000 
5 Paper Factory near Dar- 
bhanga 3,000 ,, 
6 Paper Factory near Samasti- 
pur Bate 1.700 
7 Dairy and Dairy Products 
at Barauni es 500 
8 Cold Storage in North Bihar 
for vegetable, fish and fruit 
preservation 1,000 ,, 
9 Railways dis 1,000 
10 Power Supply to Nepal 4,000 


With the commissioning of the Oil Refinery at 
Barauni there is a possibility of a Fertilizer Plant 
being considered in this area. 

In North Bihar the water table is believed to be 
high and it is envisaged that there is a large scope of 
development of surface wells for good production. 
There is also likely to be considerable use of cold 
storages. Small and Medium industries could also be 
developed. 


Rates 

When an interconnected grid in North Bihar with 
the power stations as envisaged is established a single 
tariff for the whole of Bihar during the Third Plan 
will be considered. Naturally the rates for power will 
be based on the present day cost of power plant. the 
cost of transmission and distribution lines and the 
cost of management and maintenance 
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Future Needs 

Other than the power stations envisaged in North 
Bihar there is no further resources as could be envi- 
saged at present for the fourth and the subsequent 
plans in the North Bihar except the original Kosi 
hydel scheme the feasibility of which has not been 
fully investigated. Therefore, it will be necessary to 
arrange for transmission of power to North Bihar 
from South Bihar or from adjoining areas like Nepal, 
Assam, ete. 

If. power is available from Nepal or Assam it will 
also be opportune to consider transfer of power to 
South Bihar. 

Large size steam stations are feasible in South 
Bihar. It will be necessary to interconnect the large 
steam stations in the coalfield with large size hydro 
stations in North side of Bihar. Then it will be 
necessary to lay transmission lines across the river 
Ganga for interchange of power from North Bihar 
to South Bihar and vice-versa. 

With reference to power planning we find that 
there is a considerable lag between the demand for 
power and the establishment of power stations. In 
case of steam power Scheme they take three years for 
actual execution. There are preliminaries in advance 
of this, such preliminaries are clearance for sanction, 
clearance for foreign exchange, tenders, etc. All 
these put together comes to a minimum of five years. 
Therefore, if a proposition of steam station is, initiat- 
ed it takes nearly five years to complete. In other 
words, if a steam station is initiated during a plan it 
matures only at the end of the plan or beginning of 
the next plan. In case of hydro stations they take 
scven years as a minimum. Therefore if power, in the 
fourth plan, is to be given alongside the industries the 
initiation of the scheme should be advanced before 
the plan by at least three years in case of steam 
Stations and by about five years in case of hydro 
stations. This will go a long way to develop the 
country in subsequent plans satisfactorily. 

Furthermore power plants have to be manufac- 
tured in India for which the Government of India is 
taking action but this also has to be accelerated and 
the personnel trained in advance. 
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why 
ALUMINIUM 


and only 


ALUMINIUM 


for 


ELECTRICITY 
because 





(i) first and foremost a switch to 
aluminium means a tremendous 


saving in critical foreign exchange 


(ii) practically all the technical prob- 


lems have been solved 


(iii) and it is just sound economics 
to use aluminium 
Turn to aluminium and turn to 
ALIND for meeting your require- 
ments of aluminium conductors. 
@ Electrical conductor grade alu- 
minium rods 


@ ACSR and All-Aluminium con- 
ductors 


@ Conductor Accessories & Tools 


@ Covered Aluminium Conductors 





THE ALUMINIUM INDUSTRIES LIMITED 
India’s largest manufacturers of aluminium ~a MN | 
conductors and accessories a =\ 
Registered Office: Kundara (Kerala) er ¥ Wes 
Plant No. 1: Kundara; Plant No. 2: Hirakud (Orissa) 
Manoging Agents; SESHASAYEE BROTHERS (TRAY.) PRIVATE LTD. 
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Progress of River Valley Projects 


The following is based on the Report of the Ministry of Irrigation and Power, Government of India, 
1960-61 and gives a bird's eye-view of the progress made by major valley projects in the country. 


op PROGRAMME OF RAPID ECONOM.c DEVELOPMENT 
with special emphasis on industries, embodied in 
our Five Year Plans demands appreciable increase in 
agricultural production and development of power. 
High priority has, therefore, been accorded for Irriga- 
tion and Power since the beginning of the First Plan. 
Major projects like the Damodar Valley Project, 
Bhakra-Nangal, Hirakud, Chambal, Tungabhadra, 
Kosi, Nagarjunasagar, Koyna, Rihand and Rajasthan 
Canal. have been taken up with this objective, viz., 
for the economic development of the regions served by 
these projects. Large investments have been made 
during the past decade on expansion of irrigation 
facilities and of power supply. 

State Governments are primarily responsible for 
the planning and execution of Irrigation and Power 
projects. Most of the major multi-purpose projects 
are, however, being financed entirely by loans from 
the Central Government. To ensure their efficient, 
economical and early execution, Control Boards, 
consisting of representatives of the Central and the 
State Governments concerned, have been set up 
for each major project. These Boards are‘in over- 
all charge of the projects, including their technical 
and financial aspects. The only exception is the 
Damodar Valley Project, for which a statutory Cor- 
poration, viz., the Damodar Valley Corporation, has 
been set up by the participating Governments, viz., 
the Government of India and the Governments of 
Bihar and West Bengal. 

The progress of work on the major river valley pro- 
jects is briefly indicated below. The important events 
of the year were the inauguration, in November, 1960, 
of the Gandhi Sagar Dam and power house and the 
Kotah barrage of the Chambal Project, the commis- 
sioning of the two units of 90,000 kW each on 14th 
November, 1960 and Ist February 1961 respectively 
in the Left Bank Power House at Bhakra and the 
inauguration of Kundah Power House II and the Kun- 
dah Hydro-electric Extension Scheme on the 18th of 
January, 1961. 


HIRAKUD DAM PROJECT 
Stage I 
The development of irrigation and power under 
the Hirakud multi-purpose project has made rapid 


APRIL 1961 


progress. Irrigation facilities were provided to the 
entire commanded area of 3.80 lakh acres. The Hira- 
kud Dam substantially mitigated flood havoc in the 
Mahanadi Delta area during recent years and espe- 
cially in 1960. 

The Power House at the main dam with a total 
installed capacity of 1,23,000 kW has been catering 
efficiently to the needs of the Indian Aluminium Co. 
at Hirakud, the Steel Works at Rourkela, the Cement 
Factory at Rajgangpur, the Ferro-manganese plant at 
Joda, the Paper Mills at Brajarajnagar and the tex- 
tile and other industries in and around Choudwar. 
Hirakud power is also being supplied to the towns of 
Cuttack, Puri, Sambalpur, Sundergarh, Bargarh and 
many other places. The average maximum demand is 
about 76,000 kW. In addition, 25,000 kW is kept as 
reserve for the Hindustan Steel, Limited, Rourkela, 
for which revenue is being realised by the State 
Government. 

The main power house and the vast network of 
transmission lines have been completed. Nine out of 
ten grid sub-stations have also been completed and 
the tenth at Betnoti is under erection. 

The control of the Hirakud Dam Project was 
transferred to the Government of Orissa with effect 
from Ist April, 1960. To complete the residual 
work on the project smoothly, the officers whose 
services had been obtained from the Government of 
Orissa were reverted to the State Government. In 
addition, the services of a number of officers of the 
Central Water and Power Commission have been 
lent to the Government of Orissa. 

Against an estimated cost of Rs. 70.78 crores, an 
expenditure of Rs. 63.40 crores was incurred on the 
Project up to the end of September, 1960. 


Mahanadi Delta Irrigation Scheme 

The Mahanadi Delta Irrigation Scheme is being 
executed by the Government of Orissa as an adjunct 
to Stage I of the Hirakud Dam Project. It envisages 
the utilisation of the flow of the Mahanadi for irrigat- 
ing a net area of 10.77 lakh acres in the coastal dis- 
tricts of Puri and Cuttack. The designs of all major 
structures have been completed and work is in pro- 
gress on the entire project. The total expenditure 
incurred up to the end of December 1960 was Rs. 
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7.59 crores. According to the Government of Orissa, 
the revised cost of the scheme is likely to be Rs. 
25.00 crores, against the original estimate of Rs. 
14.92 crores. By March, 196I, an additional area of 
2.50 lakh acres is likely to be irrigated. The pro- 
ject is expected to be completed during 1965-66. 


Stage II 

The civil works of Stage II of the Hirakud Dam 
Project (also known as the Chiplima Power House 
Project) are in progress. The Power Channel up to 
the balancing reservoir at Pond No. | has been com- 
pleted. The Power Channel, including the hill chan- 
nel portion beyond the balancing reservoir, has 
almost been completed. The penstock concreting of 
Units I and II in the Chiplima Power House below 
the gate is nearing completion. The concreting of the 
base of the penstock of Unit III is in progress. The 
concreting of the Sth and 6th Units of the Main Dam 
Power House is also making good progress. 

According to the tentative programme, the three 
Units (each of 24,000 kW) in the Chiplima Power 
House are expected to be commissioned by March, 
1962, September, 1962, and March, 1963 respectively, 
while the Sth and 6th Units (each of 37,500 kW) in 
the Main Dam Power House are expected to be com- 
missioned by December, 1961 and December, 1962 
respectively. Efforts are, however, being made to 
commission these units earlier and a revised con- 
struction schedule is under preparation. 

Against the sanctioned estimate of Rs 14.32 crores 
for this Project, an expenditure of Rs. 6.85 crores 
was incurred up to the end of September, 1960. 


DAMODAR VALLEY CORPORATION 

Projects 

Tilaiya: The Tilaiya reservoir was filled for the 
ninth year in succession. The hydro-electric station 
continued to supply power to the full ‘extent of its 
installed capacity of 4,000 kW. 

Konar : The Konar reservoir continued to supply 
water to the Bokaro Thermal Power Station and met 
all local, municipal and industrial demands. 


Maithon : The Maithon reservoir was filled for the 
fifth year in succession. The hydro-electric station 
with its three generating sets of 20,000 kW each con- 
tinued to supply power to the DVC grid system. 

Panchet ; The civil works were completed and the 
hydro-electric station with one unit of 40,000 kW con- 
tinued to supply power to the DVC grid system. 

Barrage and Irrigation : The earthwork of the entire 
canal system including — irrigation-cum-navigation 
canal, branches, distributaries and almost the entire 
earthwork of the drainage channels had been com- 
pleted by the end of December, 1960. Out of a total 
number of 2.171 canal structures, 1,965 had been 





completed and 121 were under construction by end 
of October, 1960. The navigation canal, which was 
damaged as a result of the collapse of the Regula- 
tor at Palla, is now expected to come into operation 
in July, 1962. 


Transmission and Distribution System 
The works on the DVC transmission and distri- 
bution system are proceeding according to schedule. 


829 miles of 132-kV transmission lines have been 
erected. Work is in progress on the 110-mile Mai- 
thon-Sultanganj line on behalf of Bihar State Elec- 
tricity Board, and on 55 miles in connection with 
power supply to the railways. 93 miles of 33 kV dis- 
tribution lines have also been laid. 

Sixteen 132 kV grid sub-stations and an equal 
number of 33 kV_ sub-stations have been erected. 
Work has been started on 6 new 25 kV sub-stations 
in connecton with power supply to the railways. The 
Panchet Hill switchyard has been completed. Exten- 
sion work in certain existing sub-stations is in pro- 
gress. 

In the case of thermal power stations, installation 
of the 4th Unit of 75,000 kW in the Bokaro Thermal 
Power Station has been completed and the set is 
now delivering power to the Grid. The two Units of 
75,000 kW each in the Durgapur Thermal Power 
Station have been completed and are now under test 
and trial. On the Chandrapura Thermal Power 
Station, civil works for the construction of the 
colony, power station, etc. are in progress. 


Power Development 

The load on the DVC Power System continued to 
grow very rapidly due to increased industrial activi- 
ties in the Damodar Valley and its adjoining areas. 
The aggregate demand for power on the DVC Sys- 
tem had risen from 22,280kW in 1953 to 3,00,515 
kW by the end of November, 1960. All the generat- 
ing units at the Bokaro Thermal Power Station are 
being run continuously for the last four years to 
meet the increased’ demand for power. The three 
hydro-electric stations at Tilaiya, Maithon and Pan- 
chet Hill, with an aggregate installed capacity of 
104,000 kW, contributed their full quota to the Sys- 
tem. The Coke Oven Thermal Power Station of the 
West Bengal Government at Durgapur, started sup- 
plying about 20.000 kW of power to the DVC grid 
from June, 1960. A small amount of surplus power 
was continued to be obtained, as a temporary mea- 
sure, from the Power Station of the Sindri Fertilizer 
Factory to meet the increased demand for power in 
the region served by the DVC Power System. 

The capacity of the DVC Power System, includ- 
ing the two units of 125,000 kW each, to be installed 
at Chandrapura is 7,29,000 kW with a correspond- 
ing salable firm capacity of 524,000 kW. As against 
this, the estimated demand of the area to be served 
by the DVC system in 1965-66 has been assessed at 
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7.21,000kW. This will necessitate installation of 
additional generating units, with associated trans- 
mission and distribution system to meet the situa- 
tion. 

From April, 1960 to November, 1960 the DVC 
sold 1037.6 million kWh and earned a gross revenue 
of Rs. 5.04 crores. 


Utilisation of Water for Irrigation 


About 7,00,000 acres of land were irrigated in 
West Bengal during the Kharif season. 


Soil Conservation 

Soil Survey and Planning : Soil survey was com- 
pleted in an area of 53.90 sq. miles in the Upper 
Konar and Lower Sewani catchments. An area of 
6.8 sq. miles was planned in the Lower Sewani area 
for soil conservation treatment. 

So'l Laboratory : Various investigations on the 
physical, chemical and biological properties of the 
soils of the valley were carried out by the soil labo- 
ratory at Hazaribagh. Research works to determine 
the nutrient needs of various crops were also carried 
out. 


Soil Conservation Research 

The following new investigations were taken up at 
the Deochanda Station: 

(i) Introduction of improved Tevy in rotation 

with common upland crops of the locality. 

(ii) Mixed cropping with wide row maize on soil 
and water loss. 
Soil moisture studies under different conser- 
vation techniques with the idea to develop 
a cropping pattern for Rabi season. 


(ili) 


Besides these, the studies in Agronomy, Agrosto- 


logy. Run-off, Soit Engineering, etc., undertaken 
earlier were continued. 
Reservoir Foreshore Farming 

Works were conducted in the Experimental 
Station and the five demonstration centres, estab- 


lished on the periphery of the four major reservoirs, 
with a view to conserving the soil of the foreshore 
lands, which emerge annually due to the draw- 
down programme, as well as for utilising these lands 
for crop production. Kharif crops like deep water 
and semi-deep water paddy and some upland crops 
like ground-nut, etc. were grown on 318 acres. About 
3,503 acres of the peripheral land has been leased 
out to farmers for cultivation, 


Extension Work 


Soil conservation demonstrations were carried out 
in 69 villages, covering 3,163 acres, with active par- 
ticipation of farmers. 
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Study on the Economics of Conservation Farming 

The daily operation and other necessary data have 
been collected in respect of 20 selected families of 
villages Charwa and Asdhir, in the Upper Sewant 
catchment. 


Scheme for Soil Conservation in Upper.Sewani 
Catchment 

Intensive soil conservation measures were con- 
tinued in an area of 35.44 sq. miles in the Upper 
Sewani catchment. Soil conservation treatment was 
done in 558 acres of upland area. Three small head- 
water dams with a catchment area of 694 acres were 
constructed. Afforestation work also made satisfac- 
tory progress. 


Soil Conservation Engineering 

Work on ten earth dams with catchment of 1.725 
acres was taken up and has been completed on 
three. Hydrological data on run-off and silt load of 
streams from different streams, with catchments 
varying from 25 acres to 125 sq. miles, were collect- 
ed during the monsoon of 1960. 


Forestry 

Nearly 6.484 acres of critical areas had been 
alforested within the catchment of the Tilaiya, the 
Konar and the Maithon reservoirs. This area in- 
cludes about 769 acres of cashewnut plantation on 
reclaimed lands. The acreage sown and planted dur- 
ing the monsoon of 1960 was 1667.27 acres. 


Irrigation Experimental Station, Panagarh 

The Station conducted varietal trials with sugar- 
cane, ground-nut, Aus and Aman paddies. Seed mul- 
tiplication of improved varieties of Aus and Aman 
paddies is being continued. A few extension centres 
have been working for demonstrating the possibili- 
ties of raising better crops with irrigation. 


Training Scheme 

Under the Training Scheme of the Central Soil 
Conservation Board of the Government of India, 
training in soil conseryation was given to the candi- 
dates deputed by the different States in two batches 
in a year. 31 candidates have completed their train- 
ing at the Hazaribagh Centre and a batch of 24 can- 
didates is now undergoing training. 


Rehabilitation of Displaced Families 

All the displaced families of Panchet reservoir 
areas have moved from the submergence area and 
resettled themselves at different places. Provision of 
roads and community facilities is being made for 
them where they are resettling themselves in sizable 
blocks. Payment of compensation to the affected 
families has been completed. Culturable waste lands 
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to be reclaimed by the displaced persons themselves 
are being provided to those families who opted for 
the same. 

1.830 acres of land and 466 houses belonging to 
236 families will be affected by the construction of 
the Chandrapura Thermal Power Station Out of the 
total area of 1.830 acres of land, 960 acres have 
already been acquired and the rest is scheduled to 
be acquired before March, 1961. Necessary data are 
being collected to provide roads and other facilities 
for the displaced families where they resettle them- 
selves in sizable blocks. 


Other Development Activities 

The Spun Pipe Factory at Durgapur continued to 
manufacture hume pipes and collars to meet the 
urgent demands of the DVC. 


Labour and Welfare 

With the completion of work on various projects, a 
number of workers had to be discharged. As a result 
of the joint efforts of the participating Governments 
and other agencies, it was possible to place most of 
the retrenched workers in alternative employment. 
Out of a total of 6.534 men discharged till the end 
of December, 1960, only 984 remained to be pro- 
vided with alternative employment. 


BHAKRA NANGAL PROJECT 

Repair operations necessitated by the accident to 
the Hoist Chamber in August, 1959, were completed 
by October 1960. The Hoist Chamber has been fin- 
ally plugged with concrete. 

The work on the Bhakra Dam is proceeding 
apace. By the end of January 1961, concreting to 
the extent of 46.64 lakh c. yds.. which constitutes 
86.64 per cent of the total, had been laid. The Dam 
has been raised to a height of 580 ft. above the 
deepest foundation, the ultimate height to be reach- 
ed, being 740 ft. The concreting of the Dam is ex- 
pected to be completed by the end of 1961. The 
remaining works connected with parapets, appro- 
aches, spillway walls, steel radial gates, and stairs in 
the galleries, will continue up,to the end of 1962. 

Civil works on the@Left Bank Power House, which 
will consist of 5 units of 90,000 kW each, have been 
completed. The first unit was commissioned on 14th 
November, 1960, and the second unit on the Ist 
February, 1961, and the remaining 3 units are likely 
to be commissioned at intervals of 3 months each. 
With the commissioning of these units the present 
power requirements of the Fertilisers Corporation of 
India have been met 

The preliminary work in connection with the 
Right Bank Power House. which will consist of 4 
generating units with an installed capacity of 
120,000 kW each, is also in hand. 


The work of erection of one additional generating 
unit of 29,000kW at each of the Power Houses at 
the Kotla and Ganguwal is proceeding satisfactorily. 
These units are expected to be ready for commis- 
sioning in April and July, 1961 respectively. 

A huge net-work of transmission lines and sub- 
stations had been erected for carrying Bhakra power 
to the remotest corners of Punjab as well as to 
Rajasthan and Delhi. 

The Bhakra Canal System irrigated about 21.44 
lakh acres in the Punjab and Rajasthan during 1959- 
60, as against 19.67 lakh acres during 1958-59 and 
15 lakh acres during 1957-58. 

An expenditure of Rs. 152.87 crores was incurred 
up to the end of December, 1960, against the sanc- 
tioned estimate of Rs. 170 crores. 


BEAS PROJECT 

The Beas Project is the name given to a multi- 
purpose scheme formulated by the Punjab Govern- 
ment for harnessing to the maximum, the irrigation 
and power potential of the river Beas. The works 
envisaged under the Beas Project comprise two main 
units, viz., Unit No. I, relating to a Beas-Sutlej Link 
at Pandoh in Himachal Pradesh and Unit No. II, 
relating to the Dam at Pong in Punjab. 


Unit No. I: The Beas-Sutlej Link 

The Link envisages the diversion of Beas waters 
into the Gobind Sagar lake on the river Sutlej, in 
order to take advantage of a one thousand foot drop 
en route, for generation of electric power to meet 
the growing power demand for industrial and agri- 
cultural development and also to enable extension of 
irrigation in the arid tracts lying in the South and 
South-West of Punjab. This is, therefore, primarily a 
hydro-electric project and is estimated to cost about 
Rs. 80 crores. 


Unit No. If: Beas Dam at Pong 


The proposed Beas Dam would be located near 
Pong village. about 24 miles from Mukerian. It envi- 
sages the construction of an earth and rock-fill dam 
325 ft. high above the river bed on the right side and 
in conjunction, a semi-hollow deck slab buttress tyne 
concrete dam which will be 250ft. high on the left 
side. The provosed reservoir will have a live storage 
capacity of 5.5 million acre feet. The dam will pri- 
marily store water for the Rajasthan Canal. It is. 
therefore, mainly an irrigation scheme, although 
provision has also been made for exploiting the 
available power potential as and when the demand 
arises. The reservoir will extend 23 miles upstream 
of the dam site and will submerge about 58.000 
acres of land, out of which 28.000 acres are cultur- 
able. A number of villages will also get submerged. 
A part of the Pathankot-Joginder Nagar railway line. 
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liable to get submerged, will have to be re-aligned. 

A rough estimate made so far shows that about 
70,000 persons will eventually be displaced on full 
completion of this scheme. 

The Punjab Government prepared in May, 1959. 
a project report on Unit No. II. With regard to Unit 
No. I, the project is under investigation. The Pro- 
ject Report on Unit No. II has also to be modified 
in the light of the latest technological advice and 
hydrologic studies. Unit No. II is estimated to cost 
about Rs. 92.65 crores. 

Preliminary works are being undertaken on Unit 
% No. Il (Pong Dam) during the current financial year. 





For the execution of the Beas Project, the U.S. 
Government have promised a sum of 33 million 
dollars by way of loan, in addition to another loan 
of 23 million dollars by the World Bank. These loans 
will mainly meet the foreign exchange requirements 
for the Dam at Pong. 

A Control Board for the Beas Project, consisting 
of representatives of Punjab, Rajasthan and Hima- 
chal Pradesh and the Central Government has been 
Set up. 


TUNGABHADRA PROJECT 


The Tungabhadra Project, which was started in 
1945 as a joint enterprise of the States of Madras 
and Hyderabad has, due to the reorganisation of 
States, become a joint venture of the States of 
Andhra Pradesh and Mysore. The Project consists of 
a masonry dam across the Tungabhadra, a 127-mile 
long canal, called the Left Bank Canal. with a 
Power House on the left side, and a 217-mile long 
canal, called the Low Level Canal, with two Power 
Houses, on the right side. An area of 1,56,913 acres 
in Andhra Pradesh and 6,71.589 acres in Mysore will 
receive irrigation benefits. Under the final scheme 
1.08.000 kW of power will be generated. 

The following components of the Project have 
been completed : 

(a) The main dam. 
(b) The two Power Houses on the right side. 
each containing two units of 9.000 kW. 


(c) The Low Level Canal including the 14-mile 
long Power Channel and its major distri- 
butaries. 


(d) The distribution system in Andhra Pradesh. 
(ec) The Left Bank Canal up to Mile 65. 
The work on distributaries and field channels in 
Mysore State is progressing. 
Andhra Pradesh 
brought under 


A total area of 34,438 acres in 
and 1,04,000 acres in Mysore was 
irrigation. 

The first stage of the construction of Tungabhadra 
High Level Canal Scheme estimated to cost Rs. 13 
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crores was sanctioned in April, 1959. Common 
works relating to the High Level Canal are to be 
executed by the Tungabhadra Board. The Govern- 
ments of Andhra Pradesh and Mysore are to execute 
the works falling in their respective areas. 

The work on Mid Pennar Regulator in Andhra 
Pradesh is in progress. Surveys on works relating to 
the construction of distributaries by Mysore Gov- 
ernment have been taken up The excavation of main 
canal in various reaches has been taken up by the 
Tungabhadra Board. The scheme is scheduled to be 
completed in 1964. 


KOSI PROJECT 
The progress of the main works on the project is 
given below: 

(a) Barrage: On the barrage and headworks, 
68 per cent of excavation in foundation and 
36.4 per cent of concreting work had been 
done up to the end of December, 1960. Ten- 
ders for the barrage gates and the bridge over 
the barrage were finalised and work order 
issued. 

(b) Embankments : Construction of the entire 
length of 152 miles of embankments has 
been completed. The embankments have 
afforded protection to an area of 6.7 lakh 
acres of land in Bihar and Nepal, which 
used to get submerged every year but is now 
yielding excellent crops. 


~— 


(c) Canals : 79.48 per cent of earthwork in the 
Main and Branch Canals and 22.36 per cent 
of earthwork in the distributaries was com- 
pleted up to the end of December, 1960. 34 
per cent of the work was done through pub- 
lic co-operation agencies. 

The preliminary reports in 
respect of Western Kosi Canal, Rajpur 
Canal System (for irrigation of the area 
lying between the Eastern Embankment and 
the Bhenga Dhar) and the extension of the 
Eastern Embankment from Maina to Kopa- 
ria are under scrutiny. Investigations for the 
proposed dam at Kothar, 2 miles below 
Barahakshetra, are in progress. 


(d) /nvestigations : 


~ 
~— 


Rehabilitation : There are 304 villages, hav- 
ing a population of 1,14,000 situated in 
between the two Kosi embankments. Alter- 
native building sites were allotted to 162 
villages; house building grants amounting to 
Rs. 30.37 lakhs were paid and 6,052 fami- 
lies shifted to the sites of rehabilitation up 
to the end of October, 1960. Common 
amenities like wells, tanks, approach roads, 
burning ghats and burial grounds, etc., were 
also provided to those who had shifted to 
the new rehabilitation sites. 








The rehabilitation of the people living in between 
the two embankments in Nepal territory was also 
taken up on the same lines. 

The programme for the working season of 1960: 
61 is as follows :— 

(a) Barrage : Concreting work done up to the 
12th Bay of the barrage in the last working 
season is proposed to be extended in further 
length of spillway and the Western Canal 
Head Regulator. The remaining works on 
the Eastern Earth Dam and the Eastern 
Afflux Bund will be completed. The pro- 


tection works on the Guide Bunds to a safe’ 


level will also be carried on. The formation 
of the Western Earth Dam and the Western 
Afflux Bund will be taken up. 


(b) Embankments : The flood protective mea- 
sures, like permeable and impermeable 
spurs, will be completed. The extension of 
the Eastern Embankment trom Maina to 
Koparia in a length of 15 miles is proposed 
to be taken up. 

Canals ; Canal structurcs, 105 in number, in 
addition to 88 in hand, will be taken up. 
Earthwork to the extent of 40 crore c. ft. 
will be done on the Eastern Canal System. 
The construction of the Western Kosi Canal 
and the Rajpur Canal will be taken up. 


(c 


The project is expected to be completed during 
1963-64. The expenditure incurred on the Project up 
to the end of December, 1960 was Rs. 24.22 crores, 
against the sanctioned estimate of Rs. 44 76 crores. 


CHATRA CANAL PROJECT 


Administrative approval was accorded for the 
construction of the Chatra Canal, by the River Val- 
ley Projects Department of the Government of 
Bihar, on behalf of the Government of India. The 
project, estimated to cost about Rs. 4 crores, is 
intended to irrigate 1.82 lakh acres of land = in 
Nepal. 


KOYNA HYDRO-ELECTRIC PROJECT 

The Koyna Hydro-electric scheme will be deve- 
loped in three stages. The first stage comprises a 
rubble concrete dam across the Koyna river built to 
part height, and an underground power house fed 
by a water conduit system taking off from the 
Koyna lake, to generate 2.40,000 kW of power at 60 
per cent load factor and produce 1,262 million kWh 
per year. It includes a double circuit 220 kV _ trans- 
mission line to Trombay (near Bombay) to be tied 
up with the Tata Power System at that place. 

Preliminary works have been completed. The pro- 
gress on the Main components of the projects is 
briefly indicated below: 
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(a) Dam and Appurtenant Works: Excavation 
of overburden and rock has been completed. 
By the end of December, 1960, 23.70 m. 
cft. of concreting had been done. 

(b) Tunnels : Underground excavation has been 
completed. The concreting work is in full 
swing. Till the end of December, 1960, 
10,564 rft. of concrete in Head Race Tunnel 
and 6,987 rft. in Tail Race Tunnel had been 
done. 
Underground Power House : Excavation of 
Power House including Valve House and 
Transformer Hall, had been completed. Up 
to the end of December, 1960, 6,61,600 cft. 
of concrete was laid. The first turbine has 
been installed and concreted while the 
second turbine is being concreted and the 
third one has been erected. Erection of the 
first generator has been started. Electrical 
and mechanical machines are being received 
at site according to schedule. 


(c 


(d) Transmission System : Work is well in hand 
with stub-setting in 565 locations out of 
746. Towers have been erected on 364 loca- 
tions and stringing has been started. It is 
expected that one single circuit 220 kV line 
will be strung before the monsoon of 1961. 
The work, on the whole, is progressing satisfac- 
torily and the first generating set of 60,000 kW is 
expected to be commissioned by the end of 1961, 
and the other three units, each of the same capacity, 
at intervals of six months thereafter. 
The expenditure incurred up to the end of Decem- 
ber, 1960 was Rs. 22.27 crores which is about 58.17 
per cent of the estimated cost of the project. 


RIHAND PROJECT 


The Rihand Project, estimated to cost about Rs. 
46.05 crores, envisages the construction of a concrete 
gravity dam across the river Rihand near village 
Pipri, District Mirzapur, in Uttar Pradesh. The dam 
will be about 3,065 feet long and about 300 feet 
high above the river-bed. The power house at the 
base of the dam is designed to house initially five 
generating sets, each of 50,000 kW capacity. A net- 
work of 132 kV and 66kV transmission lines with 
the necessary transformation and switching sub- 
Station will cover the entire eastern and south- 
eastern parts of Uttar Pradesh. Power from the pro- 
ject will be used for industrial and agricultural 
development of the area, which is economically 
backward, and has a population of over 2.5 crores. 
The cheap power provided by this project will ‘be 
used for cottage industries, medium and major in- 
dustries and pumping schemes for providing irriga- 
tion for agricultural operations. This power station 
will also supply power to the Aluminium industry 
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which is the first of its kind in the State. The stored 
water will be used to irrigate about 5 lakh acres of 
land in Bihar. 

Up to the end of December, 1960, concrete to the 
extent of 578.22 lakh cft. had been placed in the 
dam, power house and appurtenant works against 
an ultimate target of 592 lakh cft. This constitutes 
97.7 per cent of the total concrete required for com- 
pleting all work. 

All the civil works are expected to be completed 
by the end of June, 1961. During the last monsoon, 
water was impounded to form a 200 ft. deep lake 
upstream of the Dam. This would enable power to 
be generated during the early part of 1961-62. 

The manufacture and delivery of power plant 
equipment on order with M/s. English Electric 
Company Ltd. of the U.K. has been progressing 
satisfactorily. The erection of the power house plant 
is in progress and stators and rotors of Units 2 
and 3 have been erected, Erection of turbo alter- 
nator Sets 1, 2, 3 and 4 has been in progress while 
that of Set 2 has been nearly completed. Erection 
of indoor switchgear, cable racking and cable laying. 
outdoor switchyard and electrification of the dam 
and lighting of power station are progressing. The 
first two units of 50,000 kW each are expected to be 
ready for commercial operation by the end of June, 
1961. The remaining three units of identical capa- 
city are expected to be commissioned by the end of 
October, 1961. 


Construction work on the 132 kV double circuit 
transmission lines was continued on Pipri-Roberts- 
ganj - Mughalsarai - Karamnasa_ Section and _ the 
Robertsganj-Mirzapur Section: The total length of 
the line is about 151 miles comprising 727 locations. 
By the end of December, 1960, stub-setting work 
was completed at 674 locations and superstructures 
were erected at 387 locations. Further work on the 
construction of these lines is in progress. 

Out of the 108 villages which were likely to be 
submerged under the Rihand reservoir, 63 have been 
completely evacuated and 25 partly evacuated. 3.915 
families have been allotted land and 1.500 of these 
have already shifted to the rehabilitation sites. The 
project is scheduled for completion in 1961-62, ex- 
cluding the distribution system. The expenditure 
(including cost of TCM equipment) up to the end of 
November, 1960 was Rs, 26.52 crores against the 
present project estimate of Rs. 46.05 crores. The 
project estimate is at present under revision. 


CHAMBAL PROJECT 


The Gandhi Sagar Dam and Power House and 
the Kotah Barrage and Canals were inaugurated by 
the Prime Minister in November, 1960. The pro- 
gress on the principal works up to the end of 
December, 1960 is given below: 
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(a) Gandhi Sagar Dam (Madhya Pradesh): The 
construction of nearly half of the total 
length of 1,685 feet of the dam has been com- 
pleted to its full height in the non-spillway 
portion. In the spillway portion of the dam, 
the crest has been raised to its full height 
and the sluice piers have also been completed 
up to the bearing level of the spillway bridge. 
All the 9 regulating gates have been erected. 
The work on crest gates is in progress. 

(b) Gandhi Sagar Power House (Madhya Pra- 
desh): The Power House has almost been 
completed. 
Transmission lines : In Madhya Pradesh, all 
the transmission lines except for the line 
from Sawai-Madhopur to Gwalior for distri- 
bution of power have been completed and the 
various grid sub-statidns are nearing com- 
pletion. 


(c 


In Rajasthan, the transmission line from Gandhi 
Sagar to Kotah has been completed and 
work on the other transmission lines is in 
progress, 

(d) Kotah Barrage (Rajasthan): The barrage 
has been completed. 

(e) Canals (in Madhya Pradesh and Rajasthan): 
The work on the Right Main Canal in 
Madhya Pradesh is in progress. The first 40 
miles of the canal have been completed. 
This portion of the canal was opened for 
Irrigation in December, 1960. The entire 
canal, including its distributary system, is 
expected to be completed by March, 1964. 

In Rajasthan, the Right Main Canal has been 
completed and the work on the Left Main Canal is 
nearing completion. The entire distributary system 
is expected to be completed by March, 1964. 

The benefits of the Project on account of irriga- 
tion and power will be shared by the Rajasthan and 
Madhya Pradesh States on a 50:50 basis. Out of 
the 14 lakh acres of land which will be eventually 
irrigated (when the First and Second Stages of the 
Project are completed), 7 lakh acres will be in the 
9 tehsils of Morena and Bhind districts of Madhya 
Pradesh and the other 7 lakh acres in the 11 tehsils 
of Kotah and Bundi districts of Rajasthan. How- 
ever, in the first stage which is expected to be com- 
pleted in 1963-64, storage at Gandhi Sagar Dam will 
be available for irrigating only 11 lakh acres of land 
distributed equally in both the States. The full irri- 
gation potential of 14 lakh acres will be realised 
when the second stage of the Project, viz. Rana 
Pratap Sagar Dam is completed. 

The Gandhi Sagar Power House on completion 
will have an installed capacity of 92,000kW with a 
firm capacity of 80,000 kW at 60 per cent load fac- 
tor. Cheap power will be delivered at important grid 
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sub-stations situated at various places in Madhya 
Pradesh and Rajasthan through a network of trans- 
mission grids spread over both the States. 

On full development, the Project is expected to 
yield an additional 4,75,000 tons of foodgrains annu- 
ally. The project will promote the agricultural and 
industrial economy of both the States. 

Consistent with economy and achievement of ade- 
quate progress, local labour and labour co-opera- 
tives have, with the help of public workers and the 
Bharat Sewak Samaj, been encouraged to undertake 
work on the project wherever possible. Some major 
works have been entrusted to the National Projects 
Construction Corporation Ltd. both in Rajasthan 
and Madhya Pradesh. 

Expenditure on the Project up to the end of Dec- 
ember, 1960 was Rs. 46.79 crores, against the sanc- 
tioned estimate of Rs. 48.03 crores. 

Second Stage of the Project : The second stage of 
the Chambal Project, which comprises the construc- 
tion of Rana Pratap Sagar Dam and a Power Station 
below it with suitable extension of transmission lines 
and sub-stations, has been approved and work on 
it has commenced. When completed, it will generate 
90,000 kW of power at 60 per cent load factor and 
will afford facilities for irrigation of an additional 
area of 3 lakh acres of land. The second stage of 
the Project is estimated to cost Rs. 17.21 crores. 


NAGARJUNASAGAR PROJECT 

The Nagarjunasagar Project, which is a scheme of 
the Andhra Pradesh Government, comprises the 
construction of a masonry dam on the Krishna river 
near Nandikonda village and two canals, one on 
each side of the river. The Right Bank Canal, 135 
miles long, and the Left Bank Canal, 108 miles long 
will, together, irrigate an area of 20.6 lakh acres. 
The scheme, on completion, is expected to increase 
the annual yield of foodgrains by 8 lakh tons. The 
Project is expected to be completed in 1965-66. 

The Dam is of stone masonry and will be pro- 
vided with 8 penstocks, each 14 ft. in diameter, for 
the generation of power in the final stage of the Pro- 
ject. The average height of the Dam above founda- 
tion level would be 302 ft. 


Progress of Work 

The Project is now in the fifth year of construc- 
ton. The progress of work up to the end of Decem- 
ber, 1960 is briefly given below: 


Dam 


The excavation of foundations for the main dam 
has been done to the extent of 33.54 m.cft. against 
the ultimate target of 34.37 m.cft. Masonry and 
concrete laid was 49.5 m.cft. out of the total quan- 


tity of 169.6 m. cft. The Masonry Dam has_ been 
raised to a height of 100 ft. in parts. 


Right Bank Canal 

512.2 m. cft. of earthwork including rock excava- 
tion has been done against the total workload of 
1,800 m. cft. The work on the Pasuvemula tunnel, 
4,135 ft. long, at the head of the Right Canal. is pro- 
gressing. 


Left Bank Canal 

288.5 m. cft. of earthwork including rock excava- 
tion has been done against the total workload of 
1,322 m. cft. The excavation of the tunnel—7,500 
ft. long and 32 ft. in diameter—at the head of the 
Left Bank Canal is progressing satisfactorily. 


Miscellaneous 

All residential buildings on both sides of the river 
have been completed. The railway line from 
Macherla to the Dam site, a distance of 11} miles, 
is already in operation. Labour colonies have been 
provided with amenities like hospitals, fair price 
shops, street lighting, filtered water supply, schools 
and recreational facilities. 

With a view to securing economy and efficiency 
in the utilisation of financial and other scarce 
resources, this Project has been subjected to a 
thorough study by the Irrigation and Power Team 
on Nagarjunasagar Project appointed by the Com- 
mittee on Plan Projects. The team made certain 
recommendations which are at present under con- 
sideration of the Committee. 

The total expenditure on the Project up to the end 
of December, 1960 was Rs. 35.21 crores. 


RAJASTHAN CANAL PROJECT 

The Rajasthan Canal Project envisages the con- 
struction of a 425-mile long canal with a head capa- 
city of 18,500 cusecs. The Canal will take off from 
the Harike Barrage which, along with the head regu- 
lator of the Canal, was completed in 1953. The 
Rajasthan Canal will be the biggest and longest irri- 
gation canal in the world and will comprise: (i) the 
Rajasthan Feeder, 134 miles long, of which the first 
110 miles will be in the Punjab territory; and (ii) the 
Rajasthan Canal, 291 miles long, entirely in the 
Rajasthan territory. 

On full development, the Project, as at present 
sanctioned, will irrigate 26.20 lakh acres of land 
resulting in an increased production of 9.5 lakh tons 
of foodgrains and other cash crops valued approxi- 
mately at Rs. 29 crores per annum. 

The Project, as sanctioned for execution in 1957, 
provided for the construction of the Rajasthan 
Feeder in the Punjab territory as a lined channel 
while the Rajasthan Feeder in Rajasthan, the entire 
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main canal, branches and distributaries were to be 
constructed as unlined channels, As the canal and 
branches will traverse high sand dunes and deep 
valleys, it was felt that the loss of water through 
absorption would be very considerable. The matter 
was considered by a Sub-Committee appointed by 
the Central Board of Irrigation and Power and by 
the Technical Committee of the Rajasthan Canal 
Board. As recommended by them, it is now pro- 
posed to line the Rajasthan Feeder and the Rajas- 
than Canal in their entire lengths. The question of 
specifications for lining is under consideration. 
The Rajasthan Canal Project envisages the trans- 
formation of over 10,000 sq. miles of desert land into 
a fully developed region in a period of about 20 to 
25 years. In order to realise the full potential of 
this area, the Government of Rajasthan have drawn 
up a Master Plan. It includes schemes on agricul- 
ture, animal husbandry, forests, and industries, and 
also plans for the development of new villages and 
towns, housing, communications, railways, posts and 
telegraphs, navigation, drinking water supply, 
health, education, etc. The Master Plan is, at pre- 
sent, under review by the various Departments of 
the State Government. The State Government are 
also finalising allocations for partial implementation 
of the Master Plan during the Third Five Year Plan. 


Progress of Work 


Rajasthan Feeder : 922.2 m. cft. of earthwork and 
240.8 m. cft. of compaction work were done up to 
the end of December, 1960, against the total esti- 
mated quantity of 1,630 m. cft. and 400 m. cft. res- 
pectively. The Feeder was lined up to a length of 
22.2 miles against the total length of 134 miles. 
Rajasthan Canal : 95 m. cft. of earthwork and 32 m. 
cft. of compaction were done up to the end of Dec- 
ember, 1960. The excavation of the Naurangdesar 
distributary was completed. 

The revised project report. whih is still at the 
initial stage of consideration. envisages the execu- 
tion of the Project in two stages. 

Stage I estimated to cost about Rs. 70 crores 
comprises the construction of the entire length of 
the Feeder (134 miles) and 121.8 miles of the Rajas- 
than Canal with the Suratgarh, the Low Level and 
the Naushera branches together with the entire dis- 
tribution system up to this point. Stage I is expected 
to be completed by 1968-69. 

Stage II envisages the completion of the remaining 
length of the main Canal (mile 122 to 291) together 
with the entire distribution system below the Nau- 
Shera Branch, and is expected to be completed by 
1975-76. 

The expenditure incurred on this project (both on 
the Punjab and the Rajasthan portions) till the end 
of December, 1960 was about Rs. 9.10 crores. 
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GANDAK IRRIGATION AND POWER 
PROJECT 

The Gandak Irrigation and Power Project is an 
inter-State project in which Bihar and Uttar Pradesh 
are the participating States. Nepal would also derive 
irrigation and power benefits from this project. The 
main features of the project are as follows: 

(a) A barrage across the river Gandak at Bhai- 
salotan, 2,749 feet in length and 1,000 feet 
below the existing Tribeni Canal Head 
Regulator. 

(b) There will be two canal systems on the pro- 
ject as follows: 

(i) Eastern Canal System. 
(ii) Western Canal System. 

The Eastern Canal System will feed the Don 
Branch Canal, the Nepal Eastern Canal, the Tribeni 
Canal and the Tirhut Canal while the Western Canal 
System will comprise the Nepal Western Canal, the 
main Western Canal and the Saran Canal. The pro- 
jject is expected to provide irrigation facilities to 38 
lakh acres in Nepal and India. It is also proposed to 
construct a power house with an installed capacity 
of 15,000 kW at the 8th mile of the main Western 
Canal, which will be subsequently handed over to 
Nepal. 

After the agreement was entered into between the 
Government of India and His Majesty’s Govern- 
ment of Nepal on 4th December, 1959, preliminary 
works in respect of the project have been taken up 
by the Government of Bihar. Detailed surveys have 
been completed along the Don Branch Canal and 
along the main Eastern Canal up to Bettiah. Work 
of excavation on a length of 40 miles in the Don 
Branch Canal has been started. The survey of the 
remaining portion of the main Eastern Canal is in 
progress. The construction of an access road, about 
30 miles long from the railhead at Bagaha to the 
Barrage site at Bhaisalotan, is in progress and is 
expected to be completed by March, 1961. Buildings 
costing about Rs. 25 lakhs have been constructed at 
Ramnagar. Bettiah, Motihari, Muzaffarpur, Goraul, 
Chhapra, Gopalgunj, Masrakh and other places in 
the command of both the Eastern and Western 
canals. Construction of buildings at the barrage site 
at Bhaisalotan and at other worksites has been start- 
ed. A landing ground at Bhaisalotan is under con- 
struction. Arrangements are being made to take 
Over certain machines available at Bhakra, the 
D.V.C., Hirakud, Sharda Sagar Project, etc. Equip- 
ment like tram lines, tip wagons, etc., has been pro- 
cured from the Mayurakshi Project and sent to 
Bagaha. The work on the construction of the bar- 
rage is expected to be started in November, 1961 by 
which time all the preliminary items of work would 
have been completed. ; 

The barrage and irrigation system in Nepal are 
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expected to be completed in 1964. 

An expenditure of Rs. 65 lakhs was incurred on 
the project up to the end of December, 1960. The 
total estimated cost of the project is about Rs. 52 
crores, 


TISTA MULTIPURPOSE PROJECT 
This project is intended to provide irrigation faci- 
lities from the Tista river for the lands in Malda, 
West Dinajpur, Jalpaiguri and Cooch-Behar districts 
of West Bengal and Goalpara district of Assam, 
which suffer from failure of rainfall at critical crop- 
ping periods. It is also intended to afford flood pro- 
tection in the valley and generate hydro-power. 
The project has been planned to be executed in 
two phases: 

(1} A barrage at Gajaldoba across the river 
Tista and canals on the right and left sides 
with an aggregate capacity of 18,700 cusecs 
for irrigating 2.85 million acres: flood con- 
trol works and incidental navigation works 
will also be provided. 

(2) The Tista Dam at a suitable site near Geil- 
khola for hydro-power and flood absorption 
at appropriate stages of the season. 


Detailed investigations and surveys have reached 
an advanced stage and the necessary designs are 
well under way. 


PROJECT FOR THE PRESERVATION OF THE 
PORT OF CALCUTTA 

Progress has been made on the Project for the Pre- 
servation of the Port of Calcutta, alternatively calied 
the Ganga Barrage or Farakka Barrage Project. 
Detailed designs which immediately precede or are 
concurrent with construction have been in hand dur- 
ing the year and certain gaps in the investigations 
including model experiments have been under way 
The main road and rail communications to Farraka 
have been completed. With the conclusion of the 
railway works the entire left afflux bund (over 20 
miles long) of the Project has also been completed 
Further construction on some major components is 
being undertaken and the detailed designs of the 
remaining components will go on concurrently with 
construction. Necessary provision has been made in 
the Third Five Year Plan. 


KUNDAH HYDRO-ELECTRIC PROJECT 

The Kundah Hydro-electric Project is the biggest 
scheme so far undertaken in Madras State. The first 
two stages of the project would add 180 MW of 
power to the Madras power grid. Power House No. 
LI under this project was inaugurated by the Hon’ble 
Gordon Churchill, Canadian Minister for Veterans 
Affairs on 18th January, 1961. Under this scheme. 


the power potential of the Upper Bhavani, Aval- 
anche, Emerald and other streams in the Nilgiris is 
being harnessed in a_ series of power houses by 
utilising a head of over 5,000 ft. and by constructing 
a number of dams, diversion weirs, tunnels, etc. The 
first two stages are estimated to cost Rs. 35.44 
crores. The Government of Canada have collabor- 
ated in the first and second stages of the scheme by 
contributing to the tune of 25 million dollars under 
the Colombo Plan by way of materials, machinery 
and technical services. 

Work has also started on the Third Stage of the 
scheme envisaging the construction of 3 additional 
power houses, besides the installation of additional 
generating units in Power Houses No. I and II. The 
additional installed capacity to be brought into com- 
mission under this stage will be 240 MW at an esti- 
mated cost of Rs. 23.06 crores. The Government of 
Canada have announced collaboration for the Third 
Stage by way of contributing about 23 million dol- 
lars. This project would, to a large extent. meet the 
power requirements of Madras State which for more 
than a decade has been experiencing acute power 
shortage. 
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Unit type, Gast iron clad, 


Low Tension SWITCHBOAR DS. ag 














Typical Switchboard incorporating 
interlocked, high rupturing capacity 
Switch and Fuse Gear, Busbar 
Chambers, Cable Boxes, etc. 





Atypical Starter Distribution Board 
incorporating solenoid operated 
Motor Starters, HRC Fuse Boxes, 
Busbar Chambers , etc. 





_..now manutactured in India in technical collaboration with 


LAUR KNUDSEN ELECTRICAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 


JWT-LT. 1005 


S LARSEN & TOUBRO LIMITED 


P.O. Box 278, Bombay | 


Also at: Calcutta - Madras - New Delhi - Bangalore - Cochin + Ahmedabad 
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New Model 773 for general utility range (5'6” deep and 24” wide), and new 
Model 772 with reduced over-all width for tight quarters. Write for new bulletin. 


Two new low-cost Barber-Greene ditchers 
with advanced features not available on even the most expensive ditchers 


All these advantages — offered only by Barber- 
Greene — mean more ditch per day 


e New Dual-Range Hydra-Crowd Transmission pro- 
vides infinitely variable crowding speeds independent 
of wheel and conveyor drives. No stopping to change 
speeds .. . no gear shifting. Instant selection of max- 
imum crowding speeds for every digging condition. 

¢ New Digging Wheel Drive through telescoping drive 
shaft, floating differential and split No. 1 shaft cuts 
maintenance and wear on drive unit... assures uniform 
gear contact on both sides of the wheel. 

¢ New Power Flow Design makes all units readily acces- 

sible for easy maintenance and gives the entire machine 

better balance. 

Optional, All-Hydraulic Spoil Conveyor eliminates 

all chains and sprockets . . . provides instant selection 


see your 


Barber-Greene 
bsk. Uacks about tl- 


of infinitely variable speeds to 630 f.p.m., independent 
of wheel speed—instant reverse. 

New Hydraulic Controls give greatest accuracy in 
digging to line and grade . . . offer a new high in 
operating ease. All controls grouped within easy reach 
for less fatigue and greater operator comfort. 

New Flexible Drawbar between chassis and boom 
reduces transfer of twist and tilt from wheel to chassis 
when digging around curves or over uneven ground. 
This design reduces chain length and eliminates idler 
sprockets. 

New Crawlers are easily adjusted in one-tenth the time 
of ordinary crawlers. Constant tension is provided by 
predetermined spring loading . . . crawlers quickly 
loosened or tightened without changing spring tension. 
Other Features Include: automatic overload protection, 
new hydraulic brakes, new hydraulic wheel hoist. 








distributor 





William Jacks & Co.Ltd. 


(Incorporated in England. 


CALCUTTA BOMBAY 


Liability of Members Limited) 
MADRAS 


NEW DELHI 


O—T-8S 


Sole Agents for : Barber-Greene Overseas, Inc. Aurora, Illinois, U. S. A. Barber-Greene Olding & Co.Hatfield, Herts, England. 
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Embankments as a 


R. D. Dhir 

Director 

and 

R. K. Jain 

Dy. Director 

Central Water and Power Commission 


Method of Flood Protection 


MBANKMENTS ARE THE OLDEST KNOWN FORM OF 

flood protection, being the direct, cheapest and 
immediately effective method, and have been used 
more extensively for this purpose than any other 
form of flood protection in the past. History records 
the embanking of alluvial lands on both banks of 
the Nile by the Egyptians. The city of Babylon was 
also protected by embankments. In China, the great 
embankment system on the Yellow river is believed 
to have been started before the Sth century B.C. On 
the Yangtze river, embankments were constructed 
in the 6th century, and on the Pearl river in the 
beginning of the 12th century. It would be interest- 
ing to know that 56% of the total arable area in 
China and nearly half the population of that coun- 
try is protected from floods by embankments. Italy 
also possesses an old record of embankments on the 
Po which have successfully served their purpose. On 
the Mississippi, the earliest system of embankments 
to protect the city of New Orleans was completed in 
1727. Since then, practically the entire river has 
been doubly embanked. In India, embankments have 
been in use for thousands of years, particularly in 
Most rivers flowing through alluvial 
plains have protective embankments in some reach 
or the other, the notable rivers having extensive em- 
bankments being the Gandak, the Damodar, the 
Mahanadi, the Godavari, the Krishna and the 
Kaveri. Recently, extensive embankments have been 
built on the Brahmaputra, the Burhi Gandak and 
several other rivers. 


delta areas. 


The Embankment Controversy 


Although this measure of flood protection was 
popular in the past, it has been the subject of a con- 
troversy in many countries for some time as regards 
its suitability and effectiveness. Depending upon the 
behaviour of the different rivers in their various 
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reaches influenced by silt intensities, discharges, bed 
slopes, etc., experience in respect of embankments 
has differed widely in different regions. 

In India, opinions have differed not only from 
State to State but also have changed from time to 
time. Such vacillation has been particularly marked 
in Bihar and Orissa. In the past few decades, the 
Bengal engineers ‘had expressed themselves against 
embankments but this hostility has softened in re- 
cent years. Opinion in South India has, however, 
mostly been in favour of embankments. Almost 
everywhere in India, every time a disastrous breach 
has occurred following a very high flood, opinion 
has sharply turned against the construction of em- 
bankments, later to gradually veer round in their 
favour with fading of memories of the losses which 
had resulted from their failure. 

Since embankments have been used extensively 
since times immemorial, it must be admitted that 
they possess some inherent merits that cannot be 
surpassed by other methods of flood control. Their 
chief advantages are the relatively lower cost, the 
availability of construction material in the imme- 
diate vicinity and the ease with which the entire con- 
struction can be carried out by unskilled labour 
locally available in regions where embankments are 
to be constructed. Embankments do not require 
regulation of flood waters like other flood control 
works, such as reservoirs, channel diversions, etc. 

Despite the advantages mentioned above, em- 
bankments have their limitations, the chief being 
that they are liable to breach by either overtopping, 
erosion or seepage, unless adequately and carefully 
maintained, Numerous examples of failure of em- 
bankments on account of these reasons can be found 
in their history. Embankments exclude silt deposi- 
tion on the flood plains thus retarding the land 
building process. A prominent example can be seen 
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in the case of Sunderbans area, where the process 
of land building has been altogether prevented due 
to premature reclamation of areas by putting up em- 
bankments. The embankments also accentuate exten- 
sion of delta into the sea by the exclusion of silt. 
This effect can be seen in the case of Mahanadi 
where the delta has extended by four miles in 40 
years. 

By construction of embankments, the available 
valley storage gets decreased, resulting in higher 
flood peaks downstream. For instance, on the 
Yamuna, due to extensive valley storage, the flood 
discharge of 4.5 lakh cusecs at Tajewala in 1956, got 
reduced to only 1.76 lakh cusecs at Delhi, 150 miles 
downstream. If this valley storage is eliminated by 
double embanking of the river all along, the flood 
discharge at Delhi must considerably rise with 
serious consequences. Another limitation of the em- 
bankments is that confining the river to a relatively 
narrow width, they raise the river gauge for a given 
flood. This is, however, partially compensated by an 
increase in the velocity due to increased depth of 
flow. 

Another kind of argument has sometimes been 
raised, that on a river, embankments may not re- 
main useful, if, as a result of further investigations, 
a multi-purpose reservoir in the upper reaches is 
constructed. The embankments, it may be remem- 
bered, are designed as a rule, for the highest flood 
on recotd with a free board of a few feet to cater 
for possible higher discharges. The spillway of a 
reservoir is on the other hand designed to negotiate 
the maximum probable flood. Large releases from 
the dam can thus be expected which combined with 
the flow from the lower uncontrolled catchment are 
liable to cause considerable damage. The embank- 
ments already constructed in the lower reaches 
would serve to afford protection against such damage 

Divergent opinions ‘have been held about ‘the 
overall advisability of putting up embankments as a 
measure of flood protection. Although their limita- 
lions are well recognised, yet their advantages in 
practice tend to tilt the balance of decision in their 
favour. 


Flood Control in India from 1954 to 1959 


In India, flood control was not given any import- 
ance till the year 1954 when there were disastrous 
floods in the country. A comprehensive National 
Programme for flood control was launched in that 
year. This programme was divided into three phases. 
As there was lack of basic data without which no 
remedial measures of a reliable character could be 
devised, the first or the ‘immediate phase’ of the 
programme extending over two years was mainly 
devoted to intensive surveys, investigations, collec- 
tion of essential hydrological and other data. At the 
same time, execution of some emergent works was 





taken up. During the second or the ‘short-term: 


phase’, which is now coming to a close, a large num- 
ber of embankments, a few channel diversions, some 
local protection measures such as village raising, 
town protection, drainage improvement etc., have 
been undertaken. About 2,800 miles of embank- 
ments have so far been completed in various States. 
These together with other flood control works cons- 
tructed upto now, have afforded protection to an 
area of about 60 lakh acres, 4.200 villages and 46 
towns, The programme of surveys. investigations 
and collection of hydrological and other data. which 
was Started earlier, has been completed. 

The third or the ‘long-term phase’, envisages long- 
term measures such as construction of storage re- 
servoirs, additional embankments and other flood 
control works in a comprehensive integrated pro- 
gramme on each river on the basis of hydrological 
and other data collected during the first two phases. 


Economics of flood embankments constructed during 
the First and Second Plan periods 


From the foregoing, it will be seen that in India, 
although during the First and the Second Plan 
periods, a large number of local protection works 
such as village raising, town protection etc., have 
been carried out, but relatively more stress has been 
laid on the construction of embankments as a method 
of flood control. Flood embankments afford protec- 
tion not only to the culturable area but also to vil- 
lages and public utilities like the Railway lines. 
roads etc. The cropped area damaged on dn average 
from 1953 to 1958, works out to 43 lakh acres. The 
monetary value of the damage to crops has been 
assessed at Rs. 42 crores. The average value of the 
damage per acre, therefore, comes to Rs. 98. This 
figure is estimated to be made up approximately of 
a loss of 0.25 tons of food, (valued at Rs. 84) per 
acre plus additional value of cash crop, water 
courses, field bunds etc. (Rs. 14 per acre). 


The additional food production from new irriga- 
tion projects is generally estimated at 0.25 tons per 
acre and Rs. 350 per acre are considered to be a 
reasonable cost of such irrigation projects. By flood 
embankments constructed during the First and 
Second Plan periods, we have afforded protection to 
9,15,000 acres of cropped area. Since this protection 
has meant, as explained above. a saving of 0.25 tons 
per acre of food, we may consider an investment of 
Rs. 350 per acre to be justified on protection works. 
At this rate, the justified investment for 9,15,000 
acres would be Rs. 32 crores. 

During the First and the Second Plan periods. we 
have saved on an average, annual damage to public 
utilities valued at Rs, 94 lakhs. At a rate of interest 
of 4%, the investment justified would be equal to 
Rs. 23.5 crores. 


As a result of construction of flood control works 
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during the First and the Second Plan periods, the 
estimated saving in the expenditure towards relief 
and rehabilitation is about Rs. 3 crores. At least 
50%, of this saving i.e. Rs. 1.5 crores has been due 
to the construction of embankments. The investment 
justified at the interest rate of 40%, would be equal 
to Rs. 37.5 crores. 

Thus the total investment justified for the pro- 
tection afforded by the embankments constructed so 
far is equal to Rs. 32 plus Rs. 23.5 plus Rs. 37.5 
crores — Rs. 93.0 crores. The cost of construction of 
embankments during this period has been Rs. 31.5 
crores. Allowing annual maintenance charges at 2% 
(i.e. Rs. 63 lakhs annually), the amount required for 
this purpose at the rate of interest of 4%, would be 
equal to 15.75 crores. Thus the total amount required 
for these embankments is Rs. 47.25 crores. 

The embankments, would therefore, appear to 
constitute an economic system of protecting areas 
against floods. 


Planning of Flood Embankments with provision of 
Irrigation and Drainage Facilities 


The principle of flood protection by embankments 
envisages cutting off river spill upto a certain 
designed flood discharge. This necessarily implies 
depriving the land of certain beneficial features of a 
flood such as inundation, irrigation and in some 
cases fertilising silt. In order to ensure that the pro- 
ductivity of the land is not vitiated, co-ordination of 
flood control by embankments with irrigation is 
apparent. 

Flood waters generally bring a lot of silt, fine, 
medium or coarse depending upon the topographical 
features of the upper catchments. While the fine silt, 
and even the medium silt to a certain extent, have 
manurial value and result in excellent crops. the 
coarse silt is harmful. If, therefore, the silt carried in 
the flood waters is fine and the drainage of the coun- 
tryside is good, it will not be advisable to stop flood 
spilling over the agricultural area. If the drainage of 
the countryside is bad, it should be improved so as 
to get advantage of the fine fertilising silt. If, how- 
ever, the improvement of countryside drainage is not 
feasible, reduction of flood heights and thereby of 
the depth of inundation may be affected either by 
holding back the flood waters in reservoirs in the 
upper reaches, or by channel improvements, or by 
diversion of a part of flood discharge. In case, the 
investigations reveal that none of these methods is 
feasible due to economic or other reasons, recourse 
will have to be taken to the construction of embank- 
ments. Sluices in these embankments are generally 
provided for controlled inundation of the area as far 
as possible. But this is seldom found very satisfac- 
tory in practice. If, on the other hand, the silt car- 
ried by the flood waters is coarse, it has to be pre- 
vented from entering the agricultural lands by stop- 
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ping the spilling over of flood waters from the river. 
This can be done either by reservoirs, or by chan- 
nel divefsions, or by channel improvements, or by 
embankments, the final selection of a method depend- 
ing upon its feasibility and overall economics. 

As the fields will be more or less completely de- 
prived of water by cutting off the river spills by con- 
struction of embankments and to a certain extent, by 
reduction in the depth of inundation, provision of 
irrigation water in such areas should, as far as 
possible, be made. 


Conclusion 

Despite a number of disadvantages mentioned 

earlier, embankments provide simple, cheap, imme- 
diately effective and economic system of protecting 
areas from floods. On the main stem of very large 
rivers, where flood peaks have already been flatten- 
ed by the large valley storages along the course, .the 
amount of further peak reduction to be expected by 
constructing a reservoir system in the upper reaches. 
is relatively small. In such cases, for protecting cul- 
turable areas downstream of the valley, storages, em- 
bankments with or without diversions, are the most 
effective methods. An outstanding example of these 
conditions is on the Lower Mississippi in U.S.A.. 
where, in spite of completion of about 75 reservoirs. 
out of more than twice as many contemplated, 3,500 
miles of embankments have been built supplemented 
by 4 river diversions. The High Level Committee on 
Floods appointed by the Government of India in 
1957 was asked to report on the suitability of em- 
bankments as a method of flood control. Their 
Opinon was: 

“In general, embankments are a_ satisfactory 
means of flood protection when properly design- 
ed, satisfactorily executed and adequately main- 
tained, in locations where construction of 
embankments is technically indicated. But a 
suitable combination of this method, with other 
methods such as storage dams, detention basins, 
etc., is more efficient and desirable. It is impor- 
tant, however, that those who expect protection 
from floods by means of embankments should 
know their limitations”, 
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Dr. Ajit Mozoomdar 


The Outlook for Nuclear Power 


[Continued from January 1961 Issue] 


Ill. The U. S. Nuclear Power Programme; A variety of Reactors on Trial 


HERE ARE SEVERAL REASONS FOR THE DIVER- 
poe between the British and American 
approaches to the development of nuclear power. 
First, the U.S., with its vast resources of fossil fuel, 
has no early need of alternative sources of energy. 
The U.S. Atomic Energy Commission has concen- 
trated on the development of a variety of reactor 
types to the prototype stage rather than the imme- 
diate establishment of nuclear stations for commer- 
cial operation. Secondly. the U.S. has had to make 
large investments in isotope separation plants, from 
which enriched nuclear fuel is readily available. 
The use of enriched fuel reduces the size of reactors. 
which makes for savings in capital cost. Thirdly. the 
programme has benefited from the outlay on 
nuclear submarine propulsion, also from the military 
budget, leading to the greater emphasis on compact 
and mobile reactor systems, which might possibly 
be adopted for small-capacity power stations. The 
fourth tactor which has shaped the U.S. programme 
is the Government’s decision that its own direct 
responsibility for the development of nuclear techno- 
logy should cease with the grant of financial assist- 
ance, where necessary, to private and public power 
groups for setting up prototype reactors for demon- 
stration purposes. The investment criteria appropri- 
ate to the financing of private industry have therefore 
determined the rate o! establishment of large nuclear 
stations producing commercial power. And enriched- 
uranium reactor systems, attracting smaller capital 
charges, have invariably been preferred in the U.S. 
to reactor systems based on natural uranium. the 
cheaper fuel. 


The Reactor Development Division of the U.S. 
Atomic Energy Commission began work in 1949 
with four reactor experiments including a_ fast 


breeder, but it was not till 1954 that a full-scale deve- 
lopment programme was announced. Under the. Civi- 
lian Power Reactor Programme of that year five 
dilferent reactor types were selected for extensive 
study and development: 
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Pressurized water reactor (PWR) 
Boiling water reactor (BWR) 
Fast breeder (using plutonium) 
Sodium-graphite reactor 
Aqueous homogeneous reactor. 
(the last two types based on the Thorium-Uranium 
233 cycle). 

Initially seven proposals were approved for the 
construction of prototype reactors with the Commis- 
sion’s assistance. Three of these were for the pres- 
surized-water type, and one each for the other types. 
The proposals ranged from stations of capacity 150 
mW to 320 mW, and the total installed capacity of 
nuclear power was therefore expected to be about 
1.000 mW by the early sixties. Reactor construction, 
however, has proceeded rather more slowly, and the 
list of projects has also been modified. At the pre- 
sent time two nuclear stations are in operation—a 
pressurized water reactor of 60 mW (rising to 100 
mW) at Shipping port, Pennsylvania, commissioned 
in 1957, and the 180mW station at Dresden, Illi- 
nois, of the boiling water type, completed in 1959. 
Six more prototype stations are at various stages of 
design and construction: a 255 mW_ pressurized 
water reactor, designed as a thorium converter, at 
Indian Point, New York; the 94mW Enrico Fermi 
last breeder at Lagoona Beach, Michigan; another 
pressurized water reactor at Rowe, Massachusetts 
(136 mW) which reached initial criticality in late 
i960; a 75 mW sodium-graphite reactor at Hallam. 
Nebraska; and two joint ventures of the A.E.C. with 
public power authorities for small-scale reactors-—a 
22 mW boiling water reactor at Elk River, Minne- 
sota, and a 11.4mW organic-moderated reactor in 
the City of Picque, Ohio. Thus by the early 1960's 
the installed nuclear capacity will be only 700 mW, 
though there will be as many as eight power demon- 
stration reactors in operation. Several reactors are 
expected to reach criticality shortly thereafter, bring- 
ing nuclear generating capacity up to 1,400 mW by 
1965. The programme may, however, be delayed if 
the recent order of the U.S. Court of Appeals, hold- 
ing up the construction of the fast breeder because 


29 








the A.E.C. had not vetted the detailed design of the 
plant, is extended to other plants also. 

There are seven other A.E.C.-approved proposals 
for small and medium-sided reactors (17-62 mW) at 
the planning stage. Of these three are of the boiling 
water type, one pressurized water, two with heavy 
water as moderator, and one on the gas-graphite 
system. 


The concentration of the American nuclear indus- 
try on the longer-range possibilities of nuclear power 
can be understood in the light of the estimates which 
have been made of the demand for power at different 
prices. It was estimated in 1955 that, taking into 
account the regional distribution of fossil fuels and 
the variations in the cost of conventional power, if 
nuclear power was available in the U.S.A. at 7 mills 
per unit, it would be able to capture at most 6%, of 
the country’s power market by 1975. If the power 
cost were reduced to 6 mills, the share of the market 
would be 12°,. Even these percentages would be re- 
duced if power was available at this cost only from 
stations of capacity 100 mW and above. In 1955, 
however, the most optimistic estimates of the cost 
of power from a 250 mW station (of BWR type) 
was 14-15 mills, whereas it appeared that with 
breeder reactors of 100-150 mW electrical output the 
cost could be brought down to the 6-8 mill range. 
Both sets of estimates, however, were based on de- 
sign studies, there being no data available on opera- 
tions with full-scale reactors. The competitive posi- 
tion of nuclear power in the U.S. had not changed 
when the position was reviewed in the Second 
Geneva Conference in 1958, when the cost of power 
from all coal-fired stations was cstimated at 5.4 to 
6.9 mills per unit, and from oil-fired stations up to 
1S mW at 12 to 12.5 mills. 

The part that capital charges play in these cost 
estimates may be judged from the fact that on 
nuclear power plant finadnced by private industry 
capital charges are 14°: if financed by public utili- 
tes it would be 9%, and 5}, for straight Govern- 
ment financing. It has been calculated, for instance, 
that the cost of power from the Calder Hall type of 
station would be increased in the U.S.A. from 9 
mills to 13 mills per unit because of the higher capi- 
tal charges. 
made for different U.S. 


Estimates of cost reactor 





systems are not directly comparable. They not only 
suffer from the common defect that they are based 
on extrapolation from experimental to full-scale 
reactors, but they may be based on different assump- 
tions as to the cost of materials and fixed charges 
such as inventory costs. It was reported at Geneva 
in 1955 that the cost of power from the Shipping- 
port plant would initially be as high as 52 mills per 
kWh. but that it would be reduced to 15 mills after 
5 years operation, with the third fuel replacement. 
Progress made since then is reflected in the cost 
studies of four U.S. reactor systems included in an 
Evaluation Report published by the U.S.A. E.C. in 
1959. Adjusted for comparability, the cost estimates 
given in the report for a boiling water reactor 
(BWR), an organic moderated and cooled reactor 
(OMCR), a pressurized water reactor (PWR) and a 
heavy water reactor (HWR) were as follows: 


BWR OMCR- PWR HWR 
Net electrical 
output (mW) 306 300 236 221 
Capital costs 
per kW (S$) 270 237 257 321 
Running costs (mills/kWh): 
Fixed Charges 
(14°, 80 L.F.) 5.4 4.7 5.1 7.9 
Fuel cycle costs 2.8 pa —2.7 2.0 
-3.3 3.0 3.1 3.0 
Operation and 
maintenance 0.5 0.5 0.5 0.7 
Make-up 0.6 —- 0.2 
Total power cost 8.7 8.3 8.3 10.8 
-9.2 8.8 —8.7 11.8 


None of these reactors would, therefore, be able to 
compete with conventional power in the U.S. in the 
near future. As between the four systems, under U.S. 
conditions there is not much to choose between the 
first three types, but the heavy water reactor ap- 
pears to be much less attractive than had been 
thought earlier. It is worth observing, however, that 
if capital charges were taken at 8%, as in the U.K. 
cost estimates, the difference would be narrowed, the 
cost of power from the BWR being in the range 6.4 
-6.9 mills, and of the H.W.R. between 7.4 and 8.4 
mills. Moreover the burn-up of nuclear fuel that is 
assumed in the U.S. design of the H.W.R. is only 
half the figure which the Canadians claim to have 
established on the basis of their own experience with 
this type. There has been a recent agreement bet- 
ween the U.S.A. and Canada for joint development 
of the ‘H.W.R. 


IV. Nuclear Power in the U.S.S.R: Plans for Canada and Europe 


In many ways the conditions for the development 
of nuclear power in the U.S.S.R. approximate to 
those in the U.S.A. The tremendous coal and oil 
reserves, together with unharnessed resources of 
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Water-power, are more than adequate for the long- 
term power requirements of the country. The 15-20 
year programme for 100%, rural electrification an- 
nounced last year by the U.S.S.R. Ministry of Power 
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Station Construction made no specific mention of 
nuclear power. In parts of European Russia, how- 
ever, conventional power resources are limited in 
relation to the expected growth of industrial demand, 
and nuclear generation may be less expensive than 
the cost of hauling fuels from other regions. Nuclear 
power is also expected to play an important part in 
the development of the ice-bound north. 


Like the U.S.A., the U.S.S.R. has been concen- 
trating on the longer-term aspects of nuclear power. 
The U.S.S.R. also apparently has fairly extensive 
supplies of enriched nuclear fuel, developed for mili- 
tary purposes. The first nuclear power generation in 
the U.S.S.R. was in 1954, when a 5 mW prototype re- 
actor, using enriched uranium, moderated by gra- 
phite and cooled with water, was completed at 
Obinsk. The next station to be completed (it has been 
partly working since 1958) will be the 600 mW sta- 
tion at Trotsk in Siberia, based, it is understood, 
on the same system. Four other nuclear stations are 
reported to be in various stages of design and cons- 
truction. A 50 mW boiling water reactor is first being 
put up at the research -station at Ulyanovsk on the 
Volga, to be followed by twin-reactors of 100 mW 
each of the same type at Beloyarsk in the Urals, the 
station to be expanded later to 400 mW. At Voro- 
nezh the first of two 210 mW pressurized water re- 
actors is being set up. The fuel is uranium-oxide 
with 1.5%, enrichment, with zirconium cladding. A 
second station of the same type, but eliminating the 
heat exchanges, is planned for the Leningrad region. 
A 50 mW fast breeder is also under construction at 
the Ulyanovsk experimental centre, with a plutonium 
core and sodium as coolant, but designed to work on 
the thorium cycle also. Experimental work on the 
heavy water reactor, a mobile pressurised reactor and 
an advanced gas-cooled reactor was reported at 
Geneva by Prof. Emelyanov. now the head of the 
U.S.S.R. Atomic Energy Organisation. 


Other countries whose plans for exploiting nuclear 
energy for power production are based on indepen- 
dent research and development programmes of their 
own are France, Canada, and Sweden. The line of 
development adopted by France is very similar to 
the British. Of the three experimental power reactors 
at Marcoule, two are gas-graphite reactors while the 
other is graphite-moderated but air-cooled. The first 
commercial nuclear power station, partly completed, 
at Chinon, on the Loire, is to consist of two reactors 
fuelled with natural uranium, of the Calder Hall 
type, one of 60 mV electrical capacity and the other 
of 170 mW. Another reactor of 200-300 mW is to be 
constructed later at the same site, and a prototype 
heavy water reactor is planned. About 1000 mW of 
nuclear power was expected to be available by 
1965-66, but this expansion may be inhibited by the 
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large French interest in developing the Sahara oil- 
fields. The long-term French plans are to concen- 
trate on two types of reactors—high-temperature 
gas-cooled reactors with gas turbines, and fast bree- 
ders. 

The Canadian programme is of particular interest 
in that in spite of competitive conditions very similar 
to those in the U.S.—Canada aims at the attainment 
of a nuclear power cost of 6 mills/kWh—Canada 
does not propose to depend on the use of enriched 
fuel imported from across the border. With large 
uranium deposits of her own, she has been concen- 
trating at the Chalk River nuclear centre on the 
development of a natural uranium reactor moderated 
and cooled with heavy water. The results achieved 
with a 20 mV reactor were considered sufficiently 
hopeful to justify the setting up of a 200 mW station 
of this type at Kineardene, now under construction. 
The same reactor system forms the basis of Sweden’s 
independent research and development programme. 
To begin with, Sweden has planned a small station 
at Stockholm for space-heating as well as power, to 
be followed by a 100-150 mW power plant. There 
are hopes that a competitive small power reactor 
might be developed by a modification of this system, 
by combining a heavy water moderator with an 
unpressurised organic liquid coolant. 

* * * 
. 

At the Stresa conference on nuclear power in 1959, 
convened by the European@Nuclear Energy Agency 
of O.E.E.C., it was considered that for member- 
countries the choice for the first phase of nuclear sta- 
tion construction lay between the Calder-Hall type 
and the heavy water type, based on natural uranium, 
and the pressurised and boiling water reactors using 
enriched uranium. The struggle for entry between the 
competing technologies is intense, and the decision is 
likely to be influenced by the institutional arrange- 
ments for Western European co-operation in the 
nuclear field, of which the two most important are 
the E.N.E.A. and Euratom. Euratom’s main objec- 
tive is to raise finance for nuclear development and 
to handle demands for nuclear fuel. 

Whereas Euratom’s agreement with the U.K. and 
Canada provided only for technical assistance and 
the supply of nuclear fuel, the agreement with the 
U.S.A. provided also for financial assistance in re- 
search and for setting up 6-8 nuclear power stations 
totalling 1000 mW in capacity by 1965. It was ex- 
pected, when this programme was drawn up, that 
nuclear power from American reactors established in 
Europe in the early sixties would cost 12-14 mills/ 
kWh as compared with 8-11 mills for conventional 
energy. The programme has, however, suffered a 
considerable set-back owing to the shift in Europe 
from scarcity to abundance of conventional fuels. 
With the withdrawal of the German proposal for an 
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150 mW organic-moderated reactor, only one nuclear 
station, in Italy, is being financed so far under the 
U.S.-Euratom agreement. This has led to the current 
dispute between the parties, with Euratom demand- 
ing greater assistance towards long-term research, 
and the Americans pressing for the fulfilment of the 
power station construction target. 


Western Europe has found it difficult to choose 
between U.S. and U.K. reactors. Of the two nuclear 
stations under construction in Italy, the first at 
Latina, near Rome, was of the gas-graphite type. 
For the second, at Garigliano in southern Italy, (the 
ENSI project), an elaborate investigation was spon- 
sored by the World Bank. Nine tenders received 
from the U.S.A., U.K. and France were scrutinised 
by an international panel of experts It has been re- 
ported that the cost of power from alternative designs 


varied between 11 and 17 mills/sWh, but that the 
difference in power costs between the two best 
offers, are based on natural uranium and the other 
on enriched uranium, was negligible. An enriched 
uranium reactor, of the boiling water type, was ulti- 
mately selected. Although the West German plans 
for nuclear power envisage the setting up of five or 
more prototype stations of different types, so far a 
contract has been placed only for one American 
boiling water reactor of 15 mW to be set up at Kahl, 
near Frankfurt. The only other power reactor under 
construction in Western Europe is the 11.5 mW 
pressurised water reactor at Moi in Belgium. In 
Eastern Europe, outside the U.S.S.R., work on two 
stations is reported to be in progress: a 150 mW 
heavy water reactor at Bratislava in Czechoslovakia, 
and a 70 mW pressurised water reactor in East 
Germany. 


V. Japan’s Power Needs: Underdeveloped Countries: India’s 


Atomic Energy Programme 


Outside the North American Continent and 
Europe, the greatest interest in the development of 
nuclear power exists in Japan and India. Japan’s new 
Long Term Economic Plan for 1956-75 envisages an 
increase in the country’s power* generation capacity 
from about 10,000 mW to 33.000 mW. It is estima- 
ted, however, that at the§nd of the period Japan will 
need to import 48°, of its fuel as against 23°, now 
(mainly oil). The Atomic Energy Commission of 
Japan has estimated that inspite of the higher initial 
investment, the total expenditure of foreign exchange 
over a period of years would be substantially less for 
nuclear power than for oil generation. Japan had, 
therefore, planned originally for 600 mW of nuclear 
power by 1965, 3000 mW by 1970 and 7000 mW by 
1975. These targets have now been modified to 1000 
mW by 1970, and between 5000 and 8000 mW by 
1980. This rate of expansion is expected to allow 
enough time for Japanese industry to develop the 
necessary manufacturing techniques, so that only the 
earliest plants would need to be imported. and the 
later stations would be fabricated and installed indi- 
genously. 


For the first commercial nuclear station of 150 
mW, under construction at Tokai-Mura near Tokyo, 
Japan preferred a British gas-cooled reactor to the 
American pressurised or boiling water type, because 
operational records for this kind of station were 
available from Calder Hall and because fuel elements 
for it could be manufactured more easily in Japan. 
Especial attention is also being paid to plutonium 
reprocessing and recycling in order to reduce the re- 
quirement of foreign exchange in the operation of the 
station. A 40 mW boiling water reactor from the US, 
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which is also being put up at Tokai-Mura for 
demonstration purposes, may be the precursor to 
other larger enriched-uranium reactors to be set up 
in the later stages of the programme. 


* ae 


For under-developed countries, whose spokesman 
India has been in the various international confe- 
rence On atomic power, the harnessing of nuclear 
energy holds out hope of achieving some day—how- 
ever distantly in the future—a level of energy con- 
sumption per capita comparable to that enjoyed by 
the West at its present level of industrial develop- 
ment. Dr. Bhabha has pointed out that the ultimate 
need for nuclear power will be the greatest for South 
Asia and the Far East (excluding China), the Middle 
East and Latin America, whose known resources of 
fossil fuels and water power are only of the order of 
1000 mWh per capita, as against three or four times 
as much in Western Europe. Africa and China, and 
more than forty times as much in North America and 
the USSR. But industrially backward regions cannot 
adopt nuclear power rapidly because the capital cost 
of nuclear stations is nearly double the cost of con- 
ventional power stations, and nuclear power can 
be economical at present only if generated in bulk 
and operated with a high load factor, which presup- 
poses industrial loads and power grids. The ten- 
dency, apparent at Geneva in 1955, to assume uncri- 
tically that nuclear power would be economical in 
any part of the world where the existing cost of 
power exceeded 7 mills a unit. has since given way 
to a more sober appraisal. The essential interest of 
the under-developed areas lies in their being able. in 
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the long run, to exploit this source of energy econo- 
mically, and therefore their present aim should be to 
establish a base on which they can build in time. 
Short-term fluctuations in European energy supplies 
and costs, which have influenced the nuclear pro- 
grammes in the U.K. and Western Europe so greatly, 
are hardly relevant to the main issues which face 
Asian countries, especially in trying to determine the 
optimum investment in nuclear power in the years 
ahead. 
* * * 

It can be shown that India’s probable reserves of 
coal and oil and her hydro-electric potential would 
hardly be adequate to maintain for 100 years a level 
of per-capita energy consumption comparable with 
the present level in the industrialised West. Projec- 
tions of the demand for energy made earlier by the 
Planning Commission put the capacity for generating 
power at 50,000 mW after twenty years. More re- 
cently it was suggested that the rate of increase in 
installed capacity should be greater, rising to 125,000 
mW by 1986. The first of these estimates corresponds 
to 0.1 kW per head of the population, and the second 
to 0.25kW, compared to 0.72 kW per head in the 
U.S. at the present time. India’s remaining hydro- 
electric potential, if completely harnessed, will yield 
about 30,000 mW. It seems unlikely that India’s oil 
reserves will be such as to leave a surplus for large- 
scale power production after meeting the needs of 
transport and replacing the non-commercial sources 
of energy. The choice, therefore, will be between 
continued expansion of coal output, and nuclear 


power, to bridge the energy gap. By 1986 the 
demand for coal in India is expected to reach 


400 million tons a year. In spite of mechanisation 
extraction costs at that stage are bound to rise with 
every increase in output. And since India’s coal re- 
serves are of the order of 40,000 million tons, for 4’ 
scams going down to 1000’, output at this level could 
be maintained for only 100 years. 


Nuclear power would thus be essential within 
twenty-five years for maintaining India’s economic 
growth at a satisfactory rate. The question naturally 
arises whether this need justifies the immediate allo- 
cation of resources to the setting up of nuclear power 
stations. Part of the answer, no doubt, is that India 
has the scientific and technical resources required 
for adapting the new technology to her specific needs, 
and here is a chance, in the Prime Minister’s words, 
‘to get a grip on the future’. But even more important 
is the fact that for India to be able to produce subs- 
tantial quantities of electrical energy in 20 or 25 
years from her own atomic minerals, it is necessary 
to set up and operate a sufficient number of natural 
uranium reactors now to produce the plutonium 
which can be used in the more advanced reactors 
later. 

India’s known uranium deposits, of 30,000 tons, 
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would enable some 4,000 mW of power to be gene- 
rated for 20 years. But by using plutonium to recycle 
once-used fuel and to convert thorium—of which 
India has some 500,000 tons—into fissile material, 
the energy that can be released is equivalent to more 
than 30 times the energy available from India’s entire 
coal reserves. Two alternative fuel cycles are there- 
fore being considered for India’s nuclear power pro- 
gramme. In both cycles the first stage would consist 
of natural-uranium reactors for producing pluto- 
nium. In the first cycle the plutonium would be used 
in the second stage in plutonium-thorium converter 
reactors to produce Uranium-233, which in the third 
stage would be used with thorium in breeder reactors, 
which would produce more Uranium-233 than was 
consumed. In the other cycle plutonium might be 
used with thorium in the second stage in fast 
breeders (if a suitable commercial design has been 
developed by then), and the Uranium-233 so pro- 
duced could be used either with thorium or with 
Uranium-238 in third stage converter or breeder 
reactors. Allowing for some uncertainty in the con- 
version factors at different stages, it has been calcu- 
lated that with the first cycle 1,000 mW would have 
to be installed by way of first-stage reactors to obtain 
a capacity of 2,370 mW in third generation stations 
in 20 years. The growth rate would be better with 
the second cycle, where with 1,000 mW to start with, 
6.300 mW might be developed in the same period. 
The technical limitations on the rate of growth, using 
only indigenous nuclear fuel, explain the anxiety of 
India’s Atomic Energy Commission to make an 
early start with nuclear power stations. 

So far a definite decision has been taken to esta- 
blish only one nuclear station of 300 mW (two re- 
actors of 150 mW each) at Tarapore, a coastal town 
near the Maharashtra-Gujerat border, where the 
Station can be connected to both the Bombay and 
Ahmedabad grids. The Draft Third Five Year Plan 
indicates that the Commission’s further proposals are 
under consideration, probably for two more nuclear 
stations. The Delhi, Rajasthan, Punjab and Madras 
areas, which are distant from the coalfields and 
where industrial loads are developing, are to be con- 
sidered for the location of these stations. The distri- 
bution of coalfields in India and the cost of coal 
haulage distinguish the position here from that in a 
country like the U.K. 

* * * 

Reasonably firm estimates of cost have been pre- 
pared for the power to be obtained from the first 
generation nuclear stations in India by adapting the 
data available for the commercial gas-graphite 
stations under construction in the U.K. From a 150 
mW station of this type in India power is expected 
to be available at 3.9 to 4.5 nP. per unit, as against 
4 nP. for power from a new coal-fired station of com- 


(Continued on page 35) 
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Technical Notes & News 





Research in Industry 
LTHOUGH RESEARCH IS BEING CARRIED OUT BY 
f perme managerial judgement and business 
acumen are vital qualities in the management of 
research. The leaders of Government and industry 
have to apply their minds as much to the problems 
of research as to any other subject. 

Research and development have to be properly 
balanced, for example a large firm in England had 
decided to stop the production of Diesel Engines as 
the volume of business foreseen at that time was not 
enough to pay for the cost of research and develop- 
ment. After several years this policy was reversed 
because the management was convinced that the 
Diesel Engine was the most efficient Thermal power 
unit available at that time and would be recognised 
by people who needed power units of limited size. In 
another case large sums of money were being spent 
on research into high tension direct current trans- 
mission. The Central Electricity Board in England 
had adopted AC as the standard and therefore suffi- 
cient business was not expected on DC transmission 
for several years. The research on the subject was 
therefore discontinued. 

Any manufacturing firm has to judge how much it 
could spend on research, development and other 
technical facilities on the basis of its own assessment 
of the market and the reaction of its customers. In 
Europe and America, contracts for the supply of 
plant are awarded on consideration of the technical 
standing of the suppliers and specially to the efforts 
they make to forward thinking and research In 
smaller countries where there difficulties in 
balance of payment and where there is less tradition 
of engineering, the authorities will be more attracted 
by low prices when awarding contracts—Railway 
and transport authorities, steel works and similar 
user industries are more interested in equipment 
which is thoroughly reliable rather than in the most 
up-to-date technically or the cheapest in first cost. 


are 


It is not always easy and clear to distinguish bet- 
ween research and development. Achievements like 
launching the earth satellite and missile to the moon 
show important feats of engineering with sound 
organisation and the application of modern techno- 
logical methods. But by themselves -they do not 
represent modern scientific advances. It is often 
assumed that an under-developed country can catch 
up with the highly industrialised countries of the 
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West by increasing its expenditure on research or by 
turning out more science graduates, whereas ade- 
quate number of men skilled in a quite different field 
are required in countries like India, Thailand, and 
Indonesia; foremen, planning engineers and a whole 
range of industrial technicians are needed much more 
urgently than pure scientists. 

In under-developed countries more expenditure on 
industrial development is vital, whereas expenditure 
on pure research is hardly necessary. The effort of 
catching up with existing levels of scientific know- 
ledge leaves little scope for the acquisition of new 
knowledge. Hence we must expect a higher propor- 
tion of research expenditure to be undertaken in 
developed countries. Similarly with regard to the in- 
dustries larger companies incur higher expenditure 
on research—in U.S.A. 70% of research and deve- 
lopments are done by firms with 5,000 employees 
though these firms count for less than half of the 
total output. Whereas expenditure on development 
can be charged against products and the returns can 
be calculated, the allocation of money to research will 
be more a matter of faith than of economics. Pure 
research produces a high proportion of ideas which 
are of no practical value at all and many more which 
do not bear fruit for a number of years. But in such 
industries as the electrical industry the importance of 
innovation is greater than is usually realised. In some 
cases 60%, of the sales in a particular year were 
never heard of ten years earlier. 

In allocating funds for basic research the following 
advantages may be considered. Research can provide 
new ideas that enable a Company to establish a lead 
in new products. Some ideas are absorbed and used 
by the development departments. Research has a 
prestige value to a company, and is also of commer- 
cial value with customers who are_ technically 
minded. It makes recruiting of first class technical 
Staff easier and boosts the morale of the existing 
Staff. 

The appropriate method of charging for research 
is extremely complex. In projects like guided mis- 
siles, atomic power and high voltage transmission 
the ultimate strategic objective is that such equip- 
ment should be manufactured as would keep the fac- 
tories occupied to provide regular and stable employ- 
ment for the works people and also earn a profit. 
Generally, it is reckoned that all the money spent on 
research and development before: the attachments of 
the above objective should be recovered from the 
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revenue accruing from these sales. In practice this is 
often not attainable and it is said that those who 
have entered the field of atomic power station cons- 
truction do not expect to be able to cover the cost of 
preliminary research and development from the price 
charged for the power developed. 

There are various approaches to the problem. 

The orthodox approach is that a company should 
not embark on these long term projects unless there 
is a reasonable prospect that the money invested in 
research and development can eventually be re- 
covered in the price of the article to be produced. 
The second in the argument that one has to enter 
the new field to sell the associated goods which is 
fraught with danger. The third is that these projects 
are of public benefit and should be supported by 
Government research and development contracts. 


While considering whether to enter into one of 
these new fields and deciding where the money is 
coming from for the initial research and the subse- 
quent development it is necessary to consider: 





1. How far the project can be regarded as self- 
supporting in its own right. 

2. How far the success in this field helps the com- 
pany’s business as a whole and may therefore be 
charged reasonably as an overhead expense. 

3. What help can be obtained from outside 
sources. 

In practice there is a limit to tne application of 
the second process and most of the projects must 
be made self-supporting. Excessive price competition 
which forces companies to sell goods without making 
an adequate recovery for research and development 
will inevitably in the long run lead to restrictions on 
research and slowing down the rate of advances. 

It would be ironical if private enterprise and free 
competition were to create the very conditions that 
would force industry to limit its research and deve- 
lopment which may lead in the long run to undertake 
a greater portion of this work at Government ex- 
pense. 

Dr. B. K. R. Prasad, M.LE.E. 
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parable capacity in the Bombay area, where the price 
of coal for power stations is Rs. 45/- per ton. Cost 
estimates for the later stages are at present highly 
speculative. The Atomic Energy Commission think 
that power from a second stage thorium converter 
might still cost 4.5 to 5 nP. per unit, but that from 
a third stage reactor of the liquid meal fuel type 
power would be available at about 2.6 nP. 


The Commission have been at some pains to meet 
the criticism that investment in nuclear power would 
mean diverting an unduly large amount of capital to 
this sector of the power programme. They have 
pointed out that whereas the first nuclear stations 
will cost Rs. 1,700 per kW, as against Rs. 1,050 per 
kW for comparable coal-fired stations, the cost is 
expected to go down to Rs. 1,500 per kW for the 
second stage reactors and Rs. 1,250 in the third stage. 
Moreover increase of power generation based on coal 
means additional capital investment in mines, rail- 
way track, locomotives and rolling stock. The true 
comparison from the point of view of allocation of 
resources would be between Rs. 2,400—2,500 per 
kW for nuclear power and Rs. 1,600 per kW for coal- 
fired stations in the first stage. Comparable hydro- 
electric costs, however, are in the range of Rs. 2.000 
to Rs. 3.600 per kW. In the second generation 
stations the total investment for nuclear power is ex- 
pected to go down to Rs. 2.000 per kW, and in the 
third generation to Rs. 1,400, i.e. below the real cost 
of coal-fired stations. 

* * * 


The advance of nuclear power in India will depend 
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not only on the progress in nuclear technology but 
on the development of adequate engineering facili- 
ties within the country—structural, metallurgical, 
chemical and electronic. The Atomic Energy Depart- 
ment has some notable achievements to its credit: 
not only has operating experience been gained with 
experimental reactors, but reactor controls have been 
designed; a plant for the fabrication of fuel elements 
has been established; another for reprocessing pluto- 
nium is being designed; reactor physics and re- 
actor engineering studies range from the comparative 
scrutiny of power reactors in the U.K., France and 
U.S.A. to design studies of an organic cooled heavy 
water reactor and a fast reactor; the third experi- 
mental reactor at Trombay (ZERLINA) is being 
designed in India, following work for two years in 
APSARA and the reaching of criticality in the CIR 
last July. But so far India has no unit manufacturing 
pressure vessels of the capacity required in nuclear 
engineering; facilities for heavy structural engineer- 
ing are limited; even turbo-generators of 150mW 
and above will not be available indigenously for 
sometime yet. Moreover nuclear power will require 
not only uranium and thorium, which are being ex- 
tracted and processed, heavy water, which is to be 
produced at Nangal, and graphite for which the 
Commission have a manufacturing project, but pro- 
bably large quantities of stainless steel (at the pro- 
ject stage in India’s industrial planning), as well as 
exotic materials like beryllium and zirconium. Deve- 
lopment of the country’s engineering and chemical 
industries have still to be planned to match the nu- 
clear power programme. 
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Mr. Filemon M. Zablan, General Manager of the 
National Power Corporation and Vice Chairman of 
its Board of Directors, 
graduated from the Uni- 
versity of the Philippines 
in 1926 with the degree 
of B.S.C.E. (cum laude). 
Upon his graduation, he 
joined the Government 
service as assistant civil 
engineer, gradually rising, 
until in 1937 he became Zz 
Chief of Operation and j 
Maintenance of Govern- j 
ment Irrigation Systems. / 
During 1937-1938 he was —_ 
also on part time detail 

as technical adviser in the Department of Public 
Works and Communications and in the Congress of 
the Philippines. 

In 1939 he joined the newly organized National 
Power Corporation as Assistant Chief Engineer. He 
was promoted to Chief Engineer and Assistant Gene- 
ral Manager in 1951, and General Manager in 1955. 
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Mr. Zablan has, on many occasions, represented 
the Philippines as delegate to various technical con- 
ferences such as the World Power Conference, 
ECAFE, Congress on Large Dams etc. He is Vice- 
chairman of the Philippine National Commmittee for 
the World Power Conference. 


Mr. P. R. Sundaram is Additional Chief Engineer 
and Engineer Member of the Bihar State Electricity 
Board. He has contributed several times previously 
to this Journal. 


Mr. R. D. Dhir Director and Mr. R. K. Jain Dy. Di- 
rector, Central Water and Power Commission, contri- 
buted an article on Flood Control in India in our 
November 1960 issue which was widely appreciated. 


Dr. Ajit Mozoomdar, [.A.S. concludes his article in 
this issue. The first instalment appeared in January 


this year. 


Dr. B. K. R. Prasad has been one of our frequent 
contributors. 
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TV A’s Flood Control Experience 


HE Tennessee Valley Authority was created in 

1933 in the United States mainly with a view to 
regulate the floods in the region. Recently it prepared 
a report, in response to the Senate Select Committee 
on National Water Resources, on its experience in 
the field of flood management and control. 

The following specific findings were made in the 
report: 

|. TVA found that a system of high dams and 
reservoirs was necessary to store the large amounts 
of flood water. The flood regulation afforded by these 
reservoirs protects life and property: makes the 
shoreline many times safer and more usable for 
industrial sites, home sites, and recreation develop- 
ment; and conserves water for the increased demands 
of modern society. 

2. The average annual flood control benefits of 
this system were found to be nearly double the ave- 
rage annual costs, the benefit-cost ratio being 1.96: 1. 
During the period of about 23 years that this system 
has been in operation, the accumulated benefits, 
including only the damages averted at Chattanooga 
and in the lower Ohio-Mississippi River Valleys and 
the benefits of increased land values to the Ohio- 
Mississippi region by virtue of greater security from 
floods, have been more than sufficient to amortize 
the entire flood control investment plus all accumu- 
lated annual expenditures. 

3. As part of the unified approach to the valley 
development, agricultural and forestry programs 
were initiated which have provided improvements to 
farming systems that conserve land and water re- 
sources. These improvements, even if carried out 
over a large part of the watershed, were found to be 
valuable and desirable but were not considered to be 
significant in reducing major floods. 

4. The system of dams and reservoirs reduces the 
depth and frequency of flooding at many areas, but 
flood problems remain, particularly on tributary 
streams. It has been found that it would be feasible 
to correct some of these remaining problems by 
means of protective works, but in many cases no 
feasible plan can be devised. 

5. To stem the growing flood damage potential 
where complete protection has not been provided or 
where protective works are not economical, TVA 
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has encouraged controls over developments. It 
believes that the avoidance of flood damage by such 
controls is possible and practical and goes hand in 
hand with flood regulation by engineering works. 


Economic Justification 

Discussing the economic justification of the pro- 
gramme the Report calculates that the annual fixed 
charges against flood control are $5,671,000, and 
the average annual operation and maintenance char- 
ges are $1,101,000. The total average annual charges 
on this basis to flood control are $6,772,000 on a 
total investment of $184,083,000. 


Average annual charges against flood conrol 
Fixed charges : 
Interest only: $79,903,000 x 0.025 
Interest and amortization: 
$104,180,000 x 0.0352581' 


$1,998,000 


3,673,000 


5,671,000 








Total average annual fixed charges 
Operation and maintenance : 
Operation $972,000 
Maintenance 59,000 
Administration and general 70,000 
1,101,000 
Total annual charges 6,772,000 


"Annual payment required to amortize $1 and interest at 24 
per cent in 50 years. 


A summary of the flood control benefits in the 
various areas due to the flood control system in the 
Tennessee River Basin is as follows: 

Summary of average annual flood control benefits 

Average annual preventable damage: 

Tennessee River Basin: 

Chattanooga ead $5,252,000 
Knoxville ‘a 65,000 


Lenoir City ee 26,000 
Loudon ae 18,000 
Dayton ee 22,000 
Clinton al 26,000 
Kingsport oar 45,000 
Elizabethton ne 92,000 
Other ee 10,000 
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Agricultural lands ses 363,000 
Total Tennessee River Basin ... 5,919,000 
Lower Ohio and Mississippi Basins 2,869,000 


Total average annual preventable damage 8,788,000 
Increase in land value: Lower Ohio and 


Mississippi Basins 4,500,000 





Total average annual flood control —- 
benefits 13,288,000 


Benefit-Cost Ratio 

The average annual flood control benefits as mea- 
sured only by the average annual preventable damage 
in the Tennessee River Basin and on the lower Ohio 
and Mississippi Rivers from the 19 multiple-purpose 
projects in the Tennessee River Basin, are $8,788,000. 
This results in a benefit-cost ratio of 1.3:1. If the 
increase in value of lands that will be completely 
protected by a 2-foot lowering of the maximum flood 
against the Mississippi levee is taken into account, 
this ratio becomes 1.96: 1. 


Suggestions for Future Federal Activity 


The Report then offers some suggestions for future 
activity for the solution of the nation’s flood prob- 
lems. 

1. Where feasible, continue planning and cons- 
truction by the Federal Government of engineering 
flood control works, especially those on large water- 
sheds involving purposes of nationwide or major 
region significance. 

2. Expand the flood-forecasting services of ap- 
propriate Federal agencies, especially to areas for 
which flood control structures are not feasible. 

3. Co-ordinate activities of appropriate Federal 
agencies with a view toward attaining a more uni- 
form basis for computing flood control project 
design floods and flood control benefit estimates. The 
policy should not be static but should be kept up to 
date by taking into account additional data and 
improvements in flood by hydrology and economic 
techniques. 

4. A national flood damage prevention policy 
should be developed. The objectives of the policy 
should be (a) to prevent the unnecessary spread of 
buildings and other improvements to flood hazard 
areas, combined with continued efforts to alleviate 
damages in those flood hazard areas which have 
already been developed, and (b) to encourage ap- 
propriate State and local bodies to assume the res- 
ponsibility for initiating and developing plans and 
programs for local flood damage abatement through 
construction of protective works and establishment 
of land use controls as necessary. The policy should 


also provide a basis for technical and financial assis- 
tance by Federal agencies. 

5. If protective works are economically justified 
as a part of the local program for flood damage 
abatement. the Federal financial contribution to such 
projects should be contingent upon the requirements 
that the city or State initiate and prepare engineering 
plans of the proposed works and that the plans be 
submitted to an appropriate Federal agency for 
review and approval. 

6. As a pre-requisite for the contribution of 
Federal funds to local flood protective works, State 
and local governments should be required to adopt 
and administer flood plain zoning and other such 
controls as are needed to prevent the unnecessary 
spread of buildings and other improvements in areas 
subject to flood damage. 

7. Provision should be made to insure that all 
Federal agencies having responsibility related to site 
selection or financing of physical structures observe 
local flood plain zoning and other standards in car- 
rying out their responsibilities, and that the Federal 
agencies, in cities without land use controls but sub- 
ject to flood damage, require establishment of such 
controls before Federal programs are approved and 
put into execution, 

8. An expanded and systematic program of col- 
lecting and analyzing basic flood information by exis- 
ting Federal agencies should be authorized which will 
meet the needs of States, local communities, indus- 
tries, and others in planning their growth and deve- 
lopment to prevent local flood damages. Appropriate 
Federal agencies should be authorized, where such 
authorization is necessary, to prepare upon request 
local flood studies which would describe and analyze 
the local flood situation. 


9. Provision should be made to direct a portion 
of Federal, State, and local funds that are appro- 
priated for flood control measures into the field of 
research On a continuing basis. For example, research 
is needed in rainfall measurement techniques and 
Systems, in streamflow measurement and analysis. in 
the evaluation of floods in flood warning methods, 
in the use of radar for weather forecasts, in weather 
modification, in the economics of flood prevention 
measures, and in evaporation suppression Research 
by appropriate agencies, conducted with and through 
the Nation’s qualified universities and technical 
schools where possible, will assure progress and will 
strengthen university programs. 

We took the liberty of quoting extracts from the 
important Report extensively, as we believe that both 
the TVA experience as well as its suggestions are 
equally useful to our country’s needs. 
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With his two hands, man can do just so much. To do more, he must use his mind. 
The hands of the mind are the machines...giant steel-sinewed slaves with blood of 
diesel fuel. Giants to defy distance, gravity and time so that man may live in greater 


comfort, security and abundance. Giants giving man the power of a thousand hands. 

Perhaps you saw such a man today, shifting ton-loads of earth as easily as tea- 

spooning sugar. And, like as not, his giant slave bore the initials IH—the brand 

not of servitude, but of service...the proud symbol of International Construction 

Equipment, finest on tyres and tracks. INTERNATIONAL 
Remember ‘International’ Construction Equipment in India is backed by Voltas’ HARVESTER 


unrivalled after-sales service and spare parts organisation 


VOLTAS LIMITED 


Construction Equipment Department: 


BOMBAY - CALCUTTA + MADRAS + NEW DELHI! - BANGALORE - AHMEDABAD - SECUNDERABAD « LUCKNOW PATNA + NAGPUR 


vo. $38 





